RE42-09% ERIC REPURY RESUME

ED 0l0 172

1-30-67 €6 (REY?

THE EFFECTS OF PACING ON PRUGRAMED LEARHING UNDER SEVERAL
ADMIN ISTRAT IVE CONDITIONS.,
KRESSe GERALD Coy IR«
ATADOZ486 AMER ICAN INSTITUTES FOR RESEARCHs FITISBURGHe Phn
NOEA-VIIA-1314
BR=5=G722
AIR<E=54~5=56~<FR

~MAV~66 0BG~ T=4B8=7670-262
EDRS PRICE fiF~$0018 HC~$4.96 124P,

*PROGRAHED INSTRUCTIONs #PACINGy “PRUGRAMING, PROSRAMING PROBLEMS
SIXTH GRADE: TWELFTH GRADE: *HIGH ACHIEVERSe 2L0K ACHIEVERS:
FIXED SEQUENCCe SELF PACIKG MACHINES: PITTSBURGH, PENNSYLWANIA

THE GENERAL PURPOSE OF THIS STUDY WAS TO EVALUATE THE EFFICALY QOF
PERMITTING SIXTH- AND TWELFTH~GRADE STUDENTS TC ADO®PT THEIR ONA WCRK
RATES GURING PROGRAMED IMSTRUCTIONe SPECIFIC COMPARISONS WERE MADE
BETWEEN LiW=- AND HIGH-ABILITY STUDENTS wORKING (17 UNDER SELF-PACED
VERSUS FIXED-PACED CONDITIGNS ANDC (2) IN GROUP SETTINGS YERSUS
ISOLATED SETTINGS. AT BOTH GRADE LEVELSe THE HICH=ABILITY STUDENTS
PERFORMZD SUPERIGR TO LOW-ABILITY STUDENYS. GROUP SETTINGS LED YO
SLOWER, SELF-ADOPTED WORK RATES AND LOWER PROGRAM ERROR RATES THAN
DID THE ISOLAVED SETTINGS. HONZVER, SETTING HAD NG RELISBLE EFFECT
ON POST-TEST OR RETENTVION SCORES. THE SELF~ADOPIED WORK RAVES WERE
HIGHLY STABLE ON THO PROGRAMS. 17T HAS CONCLUDED THAT THE ASSUNPTIONS
UNDERLVING THE ADMINISTRATIVE STRATEGY CALL FOR SELF=PAGING SECOME
BETYER JUSTIFIED AT HIGHER CGRADE LEVELSe TWELFTH-GRADERS AQOPTED
WORK RATES WrlICH CORRESPONDED CLOSELY MITH THEIR ABILITY. SEXTH
GRADGERS, HOWEVERs AGCGPTED WORKRATES WHICH DID NOT CCRRESPUND MELL
WITH THEIR ABILITY AND WHICH OFTEN NERE EITHER 700 FAST OR TOO SLOW
T3 PERMEIT EFFICTENT LEARNING. REKEDIAL COURSES GF 4CTION WZRE
SUGGESTED. IT KAS RECOMMENCED THAT FUTURE RESEARCH BE DIRECTER
TOWARD DETERMINING THE GENERALITY OF UNDERACHLZVEMENT RESULT ING FROM
HALACAPTIVE SELF-PACTMG STYLES. AND TOMARD DEVELOPING TECHMNIGQUSS 10
REMEDY SUCH STVLES. €JC) ‘
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FOREWORD

The research reported in this volume was conducted under a grant from
the U. S. Department of Health, Education, and Welfare, Office of Education,
under Title VII, the National Defense Education Act of 1558, Project Ko. 131L,
Grant No. T-U8-7670-262. Data enalyses were partialiy supported by Netlonal
Science Foundation grants (No. GP-2091 and No. G-11309) to the University of
Pittsburgh Computing Center.

The author is indebted to numerous people for their csoperation and par-
ticipation in this projeet. Mr. Clair Cogan end Dr. Merrin Himmler of the
Pitisburgh City Schools and Sister M. Rosalie of the Diocesan Schools of
Pittsburgh, as well as th: staff and students of several schools, gave generous-
1y of their time and effort to make the study possible. Anite Czujko, Hargaret
Seowrava, and Zita Glasgow assisted in the preparation nf progrummed materials.
Betly Finney coordinated the administrative details of the study. Drs. Gzorge
Gvopper and Devid Klaus provided advice aad guidance both in the execution of
the reseerch and the preparation of this report.
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ASSTRACT

Thie study was concerned with the effects of alternaste paciug strategies
for sdministering programmed instruction to various types of students. Spe-
cific ccmparisons were made of both low and high ability students working
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versus isolsted settings. These comparisons were made both ab {raies 6 and 12.

At both grade levels it was found that: (1) The performance of high-
ebility students was superior to that of low-ability students; (2) The group
! setting led to slower, self-adopted work retes and lower progrem error rates
than did the isclated setting.. However, setting had no relieble effect on
either immediate posttest or retention test scores; (3) Self-adopted work rates

(L~ "

) were highly stable {r = .72 to .78) on two programs.

! At Grade 6, it was found that: (1) Selfw-adopted work rate (meesured by
\ completion time) was only modestly correlated with IQ (r = =.1h); (2) Many

s students displayed non-adsptive work rate and achievemeni patteras, either

fast work rates which were accompanied by low achizvement or slocw work raies
vhich were accompanied by high achievement; (3} Slow fixed pacing éid not result

g in more effective learning for low-IQ students; (%) Fast fixed pacing dul resuidv
3 in more efficient learning without achievement decremernt for highi-IQ students.
At Grade 12, it was found thet: (1) Self-adopted work rate wes kighly

: correlated with IQ (r = -.61): (2) Fewer students than at Grade 5 dispiayed non=

4 adaptive work rate and achievemeut patterns; (3) Slow fixed pacirg did not
result in more effective learning for low-IQ students; {4) Fust fixed pacing

3 ied to achievement decrement among high-IQ students.

§ It was ccncluded that the assumptions underlying the aduinistrative sirva«

tegy czalling for self pacing tecome better justified at higher grade levels.
Twelfth graders sdopt work ratss which correspond closely with their sbility
and which %tend t0 optinize learning effectiveness and efficiency. Sixth
graders, on the other hand, adopt work rates which do not correspond well with
Y their ability level end which, in many instances, are either bep fast o per—
mit effective learning or toc @low {o permit efficient learning.

The strategy of forcinz high-abllity students to work faster (hence more
efficiently) appears tr heve remedial value for sixth graders. However, the
gtrategy ¢f providing a slow, fixed pace is not adequete to remedy fast-work:
rate, low-achieverent patierns at either grade. Thus, externally controlled
pacing is an effective techniaue for heightening efficiency among deliberate
wvorkers, at least at the lower grade levels, but not for fostering mcre deli-
berate work habils among careless workers.

P

It was suggested that future research be directed toward deternining the
generality of under-achievement resultivg from maladaptive self -pacing styles
and toward developing more effective techniques to remedy suck styles.
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INTRODUCTICN

A widely held view among programmers which hes survived a number of years
of research in the field, is that students should be permitted to adopt their
cova pace vhen vorking threough a program. Thus. if preorams are administered

under student-paced or "self-paced” conditions, it is generaliy felt thet
learning will be cptinally effsctive and efficient,

Cne asswaption underlying this view is that in ordex to be able to responda
correctly to each frame of instruction each student possesses a unique time
reguirenent. The airount of %ime required is thought to be an inverse function
of his ability. The less able student will require more time to respord cor-
rectly than the more eble student.

A second assumption underlying the notion that self-paced program edmine

1

istration leads to optimal learning is that differences in self-adopted rates
of work during the program will coincide with differences in alility. Studen’s
will spend about es much time as they require %o respond correctly to esch
frame. The more able students will adopt relatively fast work rates snd come
plete the progrem in less time, while the less able students will adopt rela-
tively slow work rates end require more time to complete ilhie program. In this
manner, all students *11l learn as effectively and efficienily &s the program
and their szbilities permit.

In several investigutions, self=paced and fixed-paced edministrative stras
tegies were systematically compered (Silverman & Alter, 1961; Alter & Silverman,
1962; Feldhusen & Birt, 1962; Frye, 1963; Carpenter & Greenhill, 1953). During
fixed-paced instruction, individuals were not permitted to adopt their own work

retes, but wera forced to work at a rate (of pace) which vas externally ime
pozad, No differences in achievement were observed between self-paced snd
Tfixed=paced instruction. These studies indicate that self-pacing may not be

a necessary condition for effective programmed learning. On the other hand,
they contain little evidence to challenge the notion that self-pacing, wherever
possible, represents the optimal condition.

Such & challenge was issued by Carpenter who, in a recent axticle (196k4),
asserts that; "The rate at which students study and learn normelly and habite

[ &= -]

ually are very probably not the best or optimum rates for the most effective




learning." The implication of Carpenter's assertion is that programmed
learning may actually be enhaiced by exerting appropriate external control
over a student's working pace.

In a recently completed series of experiments, Kress and Gropper (196%a,
1964b) report evidence wnich tends to support tie position that external conw
trol over the working pace msy be superior to self-contrel. Tn one sxperiment
(Kress & Gropper, 196Lb), e group of eighthegraders working under self-paced
conditions was found to be inferior to o matched group vorking cn the same pro-
gram under externally-paeced conditions. The self-paced group committed more
errcrs during the progrem and achiewvad significantly lower scores on both poSte
test and retention test. As it “urned out, the average working puce adopted
by this group was also faster than that externally selected for the fixed-paced
group. Thus, superiority of the latter group was attributed tc the fact that-
they vere forced to spend mofe time to complete the program. It was reascned
that ¢his provided better opportunity for the comstruction and rehearsal of
- qorrect responses,

These findings supported these from ancther experiment (Kress & Gropper,
186k4a) involving the administration of two self-paced programs to several
hundred eighth-zsraders. It was found that a substential number of students
consistently adopted either a relatively rapid pace which was accompanied by
high error retes and low achievement, or a relatively slow pace which was
accompanied by very few errors and virtually perfect achievement. ‘The former
group adopted a pace which seemed clearly tco fast to permit optimal achieve-
ment. The latter adopted a pace which may have been slower than was necessary,
considering other students who achieved equally high scores in less time.

The position assumed by Carpenter and the observations of Kress and Gropper
question the adequacy of an sdministretive strategy that permits students to
adopt their own working pace during & program. They do not question the assump-
tion that students require different amounts of time to learn effectively, Howe
ever, they both appear to question the assumption that differences in self=
adopted work rates coincide with differences in ability. Many of the students
observed by Kress and Groppe. adopted work rates which were non-adeptive, Their
vork rates were neither ability-related nor comsistent with optimally effective

and eflficient learning.
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A number of studies have been conducted wnich bear on the congruence of
student~-adopted work rates and their time requirements, It will be helpful
to consider the relevant research on this point ©o note the discrepancies yhich

exist and to consider a possible explanstion for the diserepant findings,

Self-Adopted Worx Rate and Ability

Several studies repor:t an inverse relationship between time taken to come
blete a program and student abilivy. Cook (1963), in describing the results
obtained when 13 students were given an 800-frame chemistry program, reports
a rather orderly (coefficient of correlétion not reported) negative relation-
ship between time to complete the program and IQ. FEech of these students
achieved a high criterion score by working at rates inversely related %o their
intelligence. Carroll {1963) reports a correlation coefficient of -.7T between
score on the Carroll-Sapon Modern'Language Aptitude Test and time to complete
& program on Mandarin Chinese. A 1961 study by Silberman, Melaragno, Coulsen,
and Estavan revealed a correlation coefficient of -.52 between time to complete
& program and score cn the lHenmon-Nelson Test of Mental Ability.

In the Kress and Gropper (1964a) study, the relationship between work rate
and IQ was not nearly as orderly as that reported in previous studies. Based
upon 267 and 353 subjects in two different experiments, they obtained correla-
tion coeffirients of -.44 and -,34, respectively, Thus, zithough the rate at
vhich students worked on the program in this study was IQ-related, the relation-
ship was not as strong ss might be expected on the basis of the experiments
described above. In addition, work rate, on the basis of date from two separate
programs, was found tc be a remarkably stable individual characteristic. Time
scores on the two programs used in each study correlated .80 and .83 and these
coefficients were reduced very little by partialing-out IQ., It was further
observed that many low-asbility subjects were consistently fast workers even
though they committed large numbers of errors and achieved poor criterion-test
scores. Moreover, these date fail to verifly the assumption that self-adopted
vork rate is ability-determined and related to the individual's time requirement
for successful responding. Indeed, the work rstes of these subjects seeuned to
be a rather stylistic habit that was largely unaffected by expe¥ienced success
or failure in responding to the frames.




Self-Paced and Fixed-Paced Administrative Strategies

In a number of studies in vhich self versus external control over the
working pace was specifically considered (Folletie, 1961; Silverman & Alter,
1961; Alter & Silverman, 1962; Felihusen & Birt, 1962; Carpenter & Greenbkill,
1963) only one revealed differences in learning between self-pecing and fixed-
pacing strategies: TFolletie found self-pacing o be sunerior in toyms of

learning efficiency.

Folletie interpreted his findings to be evidence that students should be
permitted to work at self-adopted rates. The others interpreted their findings
a8 evidence that external control over the working pace need not impair learning.
in contrast, Kress and Gropper (1964b) demonstrated that such external control
may actually enhance learning. .

Self-Pacing and Grade Level: A Possible Resolution

Rather different judgments regarding the efficacy of the self-pacing stra=
tegy arise from the Kress and Gropper (1964a, 1964b) findings as compared to
the earlier studies. Kress and Gropper Icund self-adopted work rate to be rel-
atively independent of ability. They also found self=pacing to be inferior io
fixed~-pacing. Both findings fail to agree with the bulk of the eariier studies
cited. It seemed reasonable to suspect that the differences in outcomes may be
explained by the differences in the samples c™served.

The observations of high correlations between work rate and atility vari-
ables (Cook, 1963; Carroll, 1963; & Silbermen, et. al., 1961) were all based cn
tenth-grade or older students, The comparisons between selfapaced_and fixed~
vaced program administration (Folletie, 1961; Silverman & Alter, 1961; Alter
& Silvermen, 1962; Feldhusen ¢ 8irt, 196.; Carpenter & Greenhill, 1963) were
all based on college students or military trainees., In contrast, the Kress and

Gropper findings were based on the performance of eighth graders.

The discrepancy between the earlier findings and the Kress and Gropper
findings, coupled with the fact that they are based upo:. very different ége
levels, suggests that the success of self-pacing may be related to the grade
level of learnmers, It is well known that the progression of students through
grade school, into high school, and finally ifite college is accompenied by
various screening processes whereby attrition oceurs mostly among the less able
students. The most notable attrition in the ranks of the low-ability students
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occurs between high scheol and college. College students are thus generalily
more able learrers than are grade-school students. Superimposed upon that
screening process is the fact that as the students ascend the educational lade
der they become increasingly skilled in work and study habits. Both processes

would seem to contribute to the apparently greater efficacy of the self-pacing

gtrntegy anong nlday s‘t‘lu’,nn#‘s eg comnared a2 roun 2y
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The Administrative Setting

The particular environments in which programmed instruction has been ade
ninistered in studies concerned with pacing mode have varied between individusl
~ and group settings, Carpenter and Greenhill, Frye, and Kress snd Gropper ren
externally-paced subjects in groups which worked togehter in a single room,
The externally-paced groups employed by other investigators were rum individually,
cn separate teaching wachines {Alter & Silverman, 1962; Silverman & Alter, 1961),
As for their self-paced condition, Alter and Silverman, Silverman and Alter, and
Frye ren their subjects individually. Carpenter and Greenhill, and Kress and
Gropper, on the other hand, ran these subjects in gzoups which met in cne room
with separate machines or booklets. It is obvious thet li%tle uniformity exists
among the several studies in this respect. This lack of uniformity ma& indicate
that the investigators did not regard the setting as a particularly relevant
feature of the experiment.

Hovever, Yrye indicated that his results may well have been due in part to
the recogniticn of subjects of the competitive aspects of the group situation,
It was alsc observed during the Kress and Gropper studies that many subjects
attended to the progress of their feliows and may heve adjusted their own be-
havior on this basis. Specifically, it appeared that slow workers tended to
hasten their rate in response to the visable progress of their faster-working
classmates. It seemed aﬁpropriate, thefefore, to attend systematically to this
aspect of the learning environment so as to clarify the role pf administrative
setting as well as grade level in the success ikat students have in ndopting

an appropriate working pace,

- Purpose

The general purpose of the present study was to evaluate the effTicacy of
permitting students to adopt their own work rates during programmed instruction.,
Comparisons were made of both high and low ebility students working: (1) under
seif-paced versus fixed-paced conditions and (2) in group settings versus isolated

settings.’ These comparisons were made both at grades 6 and 12,
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By ol-erving voth sixth and twelfth graders, it was possible to evaluste
the extent to which studeais at different academic levels éiffer in their

relative asbility to adopt work rates which accurately reflect their sbilities

and which. therefeore, optimize their iearning frem programs. It was expected

that pasrticular types «f students can be identified who are habi%ualiy poor

pace-selectors and whose learning can be imprcved by contrclling thelr pace

|
o T e—

externally. Further, it was expected that particular types of students can bhe
identified who are habitually poor pace-seiectors and whose learning can be
improved by controlling their pace externally, Further, it vas expected that

the extent to which learning can be improved by external pace control would

differ between the two grade levels and within each grade depending upon whetherx

group or individual administrative settings were used,

=3

The selection of an "optimsl" fixed-pace, designed to maximize learning

effectiveness and efficiency, maey be clarified by inspection of Fig. 1. Figure 1l

\ ok

is a hypothetical scatter diagram of completion times versus achievement scores

for students of a given ability level. The idealized curve represents the para-

meter of achievement as a function of time, 1t specifies a negativaly acceler-

ating relationship: achievement increases as more time is spent on the program

v |

ut that, beyond a certain point, the expendi%ure of additional time resultg in
little gain in achievement.. This point, labelled as the "Optimal Pace," cor=-

responds to the smallest possible expenditure of time (%the fastest self-adopted

vwork rate) necessary to achieve a high score on the criterion test. The ex-

penditure of less time (a faster work rate) results in less than optimal achieve~

E/iu',: m

nent, whereas expenditure of more time (slower work rates) results in less effiw

cient learning and little gain in achievenment,

zAur.,-n‘
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The ares designated as D encompasses the fast-working, low a ievers whose

achievement is most likely to be raised by forcing a siower pace., Area C

¥ o
m

represents the slow=working, high achievers whose achievement scores are

most likely to remain high even when forced to work at & faster pace,

E; !\l ',!‘!
b g

Areas A and F, fast/high and slow/low, represent Ss who are least likely to be
improved by changing their habitual self-adopted pace. The relative proportion
of Ss vhose habitual self-paced performance places them in Areas € or D would

determine the extent to which overall improvement is possible for a given pro-

3 ™

gram administered to a specific group of students by the imposition of an
"optimal" fixed pace, ‘
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Fig, 1. The ideaiized parameter of time
vs. achievement st a given level of ability,

Based upon the observations of Kress and Gropper (196he), it was expected
thet external control of pacing might lead to improved performance over selfe
pacing as follcws: (a) habitually fast-working, luw achievers would achieve
higher criterion test scores when forced to work st & slower pace, and (b) he-
bitually slow=-working, high achievers would be able to work at s faster pace
without deérement. in criterion scores. The first would result in more effective

leerning, the second in more efficient learning.




GRADE & EXPERIMERT

In order to assess performance difforences behween students of different
g-ade levels, &1l experimental compariscns were made with a ssmple oF sixth
gruders, then ropeated with a sample of twalfth graders. The firat experiment
of ¢his study was conducted at Grade 6.

METHOD

ihe sample of £8 who participated in this experiment consisted of 308
sixth graders. The sample was drswn from four Pitisburgh eity schoovis, two
public and two parochiesl,

Materials

Lesson materials developed for use in the sixth-grade experimen. consisted
of: {a) two short preliminary programs which were aiministered o 1l Sg in
their scheels prior‘ to their exposure to one of the exparimental treatnents;
end (b) a longer program which was administered under several 4iffervent condi-
tions at an experiaenteal site.

Preliminary programs — A 116-framec program on the concepts of "forez and
motion" and a 90~-frame program ocn "atomic structure of metter” were sdmiaise

tered to all sixth-grade Ss in their classrcoms. Their purpcse weg tc femil-

larize Ss with programmed instructional materials and to provide s measure of
each S's characteristic work rate, error rate, und achievement level from self-
baced progrems. These performsnce measures wWere subseauently employed-, in
combination with ability measures, as iaredictorsx of perfornsice during and from
the experimental program. Both preliminary programs were reproduced in bock-
lets with one frame pex page. They might be cheracterized as linear, requiring
constructed responses, and making heavy use of the "vanishing" technioue where-
by cue support is ;;raidually reduced and responses become lonzer and more com-
plex. Sample frames from both Progrens are reproduced, alosig with the achieve-
nent tests used, in Appendix A.

All preliminary tests and programs were administered to Sg in their re-
spective classrooms during three separate sessions vhich were conducted within
a two-week pericd. T:e preliminary programs were administersd im the classroom-
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group setding under self-paced conditions. BRacu 8 was glven o booklet and
instructed to work &t a pace whichk woulid permit him %o vespond aecurstely o
each frame and to aschieve & bigh score on the oriterion test thet wes to be
edninistared immediately uwpon completficn of the lesson. The genersl grder
and spacing of the preliminery sessions i3 indicated in Fadle 1.

Experimentul prosram - The program used dnring the sixth.grade experimens

tal sossions was a 216-freme lesson on some bosie eencepss of electricity. It
fisalt wvith curvent &3 a {'low of clectrons, the sttraction and zepulsion of
yarticies; batteries, voltage, resisimnce, current, circult dlagrams, ssries
and paraliel slreults end, fineily, swme epplicstione of Gum's lLew to csleuwlate
current in simple examples of eschr xiand of clirvouwis, Sample Lrames and the
criterion test are preseuted in Appendix 4. Tais progran, like the preliminery
progrems, wag linear, reguired conctructed responses and wes frecuertly aug-
mented by line drawings end other visual prompie,

Table 1

Schedyle of Preliminery Sesslons
Grade 6 Expzrciment

TR A (O BRSSO M v g

Aprroxinote
- % Day Zasks Length of Seszsicn
' i Pretests on the Atomic Sirusture, 1-1/2 hra.
Ferce & Motion. snd Blectzical
% Circults Prograuns anéq the PMinker
Speed. of Reeding Testd
% 1 - 7 dsy delay
& Force znd Motion Pregram and 2 hrs.
Posttest
2 = T day delsy
3 Atomic Structure of Matter Progran 2 hrs,

and Pozttest

lPu‘olished by the University of Minnesote Press, Minneapolis,

All programs underwent several stsges of revisicn on the basis of tryouts
with sixth-grade students from a school which wss not used im the experimental

treatments,
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Experimental Desizn E
These 8z who participafed in tke preliminary scssions were brought to an
exporimentsl site on one of five successive Saturdeys and escigned to one of

the exverimentel treatments descrided below.

2

Independent varisbles ~ Thia experimsnt wes designed tc asgess the effects
ci the programmed learning of both low and high ability studeats of: (1) Pacing
Mode, self and fixed, end (2) Administrecive Setting, group end isolated. IHigh
and lov ability categories were. determined by ranking Ss on the basis of IQ

' gscores. Subjects within zach category werz then randomly assigned to one of
four treatment conditions. This resulied in a 2 x 2 x 2 factorial design, or
treatments x Jevels design (Lindquist, 1952), ac displayed in Fig. 2. Ao anale
ysis of varience of IQ scorss revieeled & highly significast difference be‘twee;n
leveiz (P <.01); high IQ mesn = 118, low IQ mean = 69, (See Tables 1 ond 2,
Appendix B.)

Lo B (ccowe RN ica

Self-paced conditions were bas=4 upon much the same procedure as described
earlier for the adminiatration of preliminery programs. Under fixed-paced con~
ditions, on the other hand, Ss vere requived to work on each frame for pevriods

,
Lo

Self-}'aced Fixed-Paced

which were externally controlied. Under isolated conditions, Ss worked apart [ ,
fron their Zellow students. Under group conditions, Ss worked in classroon-
like settings, in the presence of a number of other Ss. ’i |
12 1o oo g - g
S Lot c I_M L
fomf - A Y 4
& Isniated 4 { i
S ! ,
9 B : r
< E,‘ [
E 73
o) Group

PACING MODE

Fig. 2. 2 x 2 x 2 treatnents by levels design.
Symbols in each cell refer to the four trcatment conditions,
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Dependent variables - The dependent variables measured in the experizent
vere: exrrors coumitted during the prozrsm, score on an achievement test given
immediately afier the lesscn, and score on the sams test siven after a delay
of 30-33 days. For Ss who were run under self-pacad conditions, time to com-
piete the leason was 8lso recorded as a dependent measure,

|

i

i

|

The eixth-grade exparimental leszon was adninistered, at s centrel cite,

i during five conmsecutive Seturdays, beginning on the first Saturdsy following
the preliminary sessions., Isolated 83 were run at the offices of A-I:R,
grouped Ss in & large clesaroom of a nearby school not attended by any of the

! 98. The four treatment conditions under which the lesson was adminiztered eve
listed below, foiloved by aymbols which vill subsequently be used to refer to

g cach condition.

i

i

i

Self-paced, Isolated setiing - (S/Iﬁ gh? S/Im)
Self-paced, Group eetting - (S/(frng gh? S/Gw)
Fixed-paced, Isclated setting - (F/l'ﬁi gh? F/ILc;w)
Fixed-peced, Grovp setting - (F/Gm ah?® WG})@ w)

Each of the four conditions is idemtified in Fig., 2 by its symbol. Reference
to the varicus treatment groups is nmade by means of these symbols in the sece
tion to follow, which describes the procedure employed during the five Satur-

g

day sessions,

Procedure
All self-pacad comditicns wer= rua during the first tvo Saturdays. In

et  Nisy

the $/IL9" and s/IHi gh conditicons, § was fiaken by nn E to .8 small room, ‘he
instructions were 0 work through the lesson a’ o pace which would peumit, S
to learn the naterisl and to do weil on tae test to be ghven after the lesson.

Each S was iaformed that since it was desired to know how long people spend
on these fremes, a record would be kept of his times as he worked along. He

was requested not to modify his work rate because of the timing, but rather to
: work st his usual pace taking as much time as he needed. As S worked, E, using
a a stopwatch and data form, recorded the number of seconds spent on each frame.,
A record was also kent of the total time %o complete the program, Two rest
periods were given, a.%er frames 76 and 151. A posttest was administered im-
mediately aiter S finicied the program.
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The SIGW and S/GHi h conditions were also conducted during the first :
tvo Saturdays. These Ss were run in & large classroom at another bullding in
groups of 20=-35, of both highk and low IQ. Their instructions were much the
seme as Were given during tha preliminary sessions. 1In this condition, a
record was kept only of each S°s total time to complete the progran, These
groups were alsc given two rest periods and a posttest es thev completed the
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Selection of optimal fixed paces - Betiiesn Satvrdays 2 enct 3, the data
from the self-paced Ss were analyzed and served as a basis for determining
the total time, and its distribution among framss, that would be used for
the fixed-paced presentations,

E‘\u’ !,g:-; RS
PSR Ll AN
TR \ N S ompm 4T

As discussed in the Introduction, the pace hypothesized to optimize
learning effectivenese and efficiency for S3 of a given level of ability is

!@‘ .z 'A:"‘g
Lk Lo
IEESRS

that adopted by students whe most rapidly complete the program and perform

at a high level on the criterion test. In this experiment, the determination
of such & pace was made for only the lower and wppe> halves of the sikth-grade
ability distribution. The pace chosen as optimel for low-IQ Ss was determined
from the self-paced performance of Ss who ranged in IQ from 86 to 108. An
optimal pace for high IQ Ss was estimated from the seclf-paced performance of
a group whose IQ-range was between 109 and 131. The hypothetical optimal nace
described earlier {gee Fig. 1, pege 7) is baced upon Sg of & given level of
ability. Since each IQ grouping in this experiment inciuded a fairly broad
range of ability, the optimal pace selected within ecach was, necessarily, an
approximation designed to apply for the entire group. Thus the pace selected

'gq‘, “’%
PSS E T, .

as optimel in this case for each abili%y grouping was probably faster, for the
Lowest-IQ Ss, than would have arisen from o group of equally low-ability Ss.

By the same token, the pace swes probebly slower, for the righest IQ S5, then
would have arisen from a group of equally high--ability Ss., Tecognizing that

the empirical distributions of time vs. achievement are basad upon S8 of a

mrm e e ey ey ey poy

AN

wide range of ability, a psce was selected which sppeared to correspond to the
minimum time required by Ss of each ahility grouping to reach their best pos~
sible achievement scores.

The distribution of time vs, achievement scores obtained from 64 low-IQ
Ss who adopted their own pace (S/XLOW & Slumg) appears in Fig. 3. Judging

Ty ot oo 3

from the achievement levels displayed in Fig. 3, 70 percent appeared to bs
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near the maximum possible achievement for this group. The curve shown in
Fig. 3 is an estimate of the hypothetical paremeter discussed earlier (see
Fig. 1, page 7). Judging from the distribution as a whole, the point whick
appeared most closely to correspond to an "optimal pace" occurred sbove 157
mins. on the time-toc-complete scale. For Ss of this abiilty range, then,

157 nins. was tuken to bYe the minimum expenditure of time neacessary to pernit
them to obtain their maximum possible acﬁievement scores. Since the median
total time spent by these Ss was only 140 mins., it appesred that most of
these Ss adopted a ‘rork rate that was too fast to permit effective iearning.

Figure 4 shows the comparsble scatter diegram for the high-IQ group.
Comparing it with Fig. 3, it is clear that the oversll achievement level was
higher for the higher-ability Ss, but that the time distribution was very
similar, The median total time spent by the high-IQ group wes, in fact, idan-
tical to the low-IQ median: 140 mins., Apart from the similarity in median .
completion time, the high-IQ distribution is quite different. It appears that
this group is capable of 90 percent achievement, or better. I% also appears
thet the location of am "optimal pace" on the hypothetircal parsmeter lies to
the left of the 1b40-min, median completion time, at 126 mins, That is, the
minimum expenditure of tiwe required for these Ss to aé‘hieve 90 percent would
e less than was spent by most of them. Thus, it was judged that most of these
Ss sdopted work rates which were glower than necessary for optimal achievement.

Having selected the optimal total times to employ for the two sixth-grede
ability groupings it wes necessary, then, to determine the Gistribution of the
totul time among each of the 219 frames of the program. The total time to be
allotted to the fixed-paced, low-IQ Sp (F/ILow & F/GLow) was 157 mins, It wes
decided, arbitrarily, that % secs. be allotted 4o each confirmetion page, or
8 total of approxinately 18 of the 157 mins. to be spent checkiug answers.
That. left 179 ming. of working time to be distiibuted among ‘re 219 fremes.
From the distributions of time spen’ on each fvame by the 32 S/ILo v 95y &
median was calculated for each frame. The median time sypent on each frame,
divided by the sum of all 219 medians, constituted the proportion of the 139
mins. which was ellocated to each frame. In this manner, the total time
determined to represent an optimal working pace was distributed among the
franzs in roughly the sume proportion that was allocated to each freme by the
iow-1Q Sg¢ who had worked under self-paced conditions. This procedure resulted
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Fig. 3. Scatter diagram of time ve. achievement on the Electrical

Circuits Program for 64 low-1Q, sixth graders who worked under self-

paced conditions. The curve is a hypothetical perameter of achievement
as a function of time spent to complete the program.
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paced conditions. The curve ir a hypothetical parameter of achievement
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in a range of time allocations for single frames between 13 secs,, for the

shortes’ frame, and 8) secs., for the longest frame. A completely analagous
system was followed for the distribution amrng frames of the optimal total of
126 mins, allocated to the high-IQ Ss in the fixed-paced conditions (F/Lg, gh

& F'/(?rHi h). It vas distributed in roughly the same proportion ss was allo-

allotted to each confirmation frame. In this instence, the range of time
allocations was between 10 secs., for the shortest frame, and 75 secs., for

the longest f£rame,

The F/IL oy S8 vere teken to a small room and directr . through the program
by an E equipped with a stopwatch and list of optimal times per frame. Work
began on each frame when E said, "turn to frame -~-," When the allotted work-
ing time was half elapsed E said, "half," This halfway signal served as a
cue to S which was designed to help him budget his reading and writing time
on each frame., When the optimal time was fully elapsed E =aid, "check your

answer," Five gecs. were allowed for each confirmetion page at the end of

which E again said, "turn to frame ---"(the next frame in sequence). Break
periods were given following fraces T6 and 151.. The posttest was given im-
mediately as S completed the program.

The F/G b'a vere seated in a large classroom and eacli vas given a
program bookle s They werked, as a group, following pacing instructions
ideatical to those used For the F/ILow exce ol that the direction came frea

a volice prereco:ded on tape. The recorded pneing instrvetions mude use of

[ jT=a - ] L L2

a bell signal in lisu of the spoken word "holf" to indica%e the halfway point

N )

during each frame., Breaks were given following fromes T6 and 15, posttests
fcllowing completion of the procgrem.

L =2 ]

On Saturday 4, the F/IHi gh and F/G}Ii ah conditions were conducted in a
i manner completely analogous to the previous week. The differences were that

> on Saturdey b the optimal total time was 126 mins. and all Ss were from the
high-IQ ability 1le vel

wARAD

A number of previously absent Sg were run during make-up sessions con-
ducted on the fifth Saturdsy. Nine Ss were run in the I-‘/ILo , condition, 13
were run in the F/GLO,‘ , condition, and 8 were run in the F‘/GHigh condition.
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Betveen 30 end 33 days after taking the Electrical Circuits Progr._a,
88 were given the posttest for a second time as a measure of retention.
Retention testing was conducted et the various schools, over a pericd of
five weels, until all Grade 6 treatment groups were contacted.

-16-
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The results of the Srade 6 Experiment are based on three separate analy- !
ses., The first is an analysis of the overall effects of Pacing Mode, Admin- l
istrative Setting, and ALility. These effects are assessed by analyses of .
variance based wpon the 2 x 2 x 2 factorial design displayed in Fig. 2. The
second anslysis deals with the specific effects of the strategy of slowing
down low-ability Ss. The third deals with the effects of the strategy of
speeding up high-ability Ss. The effec’s of these two fixed-paring strategies
are assessed by considering the high and low ability levels of the main design
separately, end then by a more analytic inspection of resulis within the par- |
ticular subgroups wWhose performance was hypothesized as most likely to benefit
from each strategy. The three sets of outcomes will be considered, in order, \
in the following sections.

The Overall Effects of Pacing Mode, Administrative Setting, and Ability ,‘
The .andom assignment of 256 Ss to treatment conditicns resulting in 32 .

replicates in each of the eight cells of the factorial design (2 types of
Pacing x 2 Admianistrative Settings x 2 Ability levels). Analyses of variance
performed on IQ, Pretest scores, and characteristie work rate (on the self-
paced, preliminary programs) indicated that the various treatment groups were
reg3onabiy we L equated on these measures. (These analyses as well as means
gsnd S8.D.'s for each condition are summarized in Tables 1 through 4 in Appen-
dix B.) _ )

The dependent measures of interest are scores on the Immediate Posttest
and Reterntion Test as well as the number of Errors committed during the program.
Algo, cmong the t_he self-paced Ss, time-to-complete ili2 program was compared B
for the Group and Isoleted settings. For ease of comparlison,‘the four analyses i

of variance performed for these measures are summarized, together, in Table 2.

(a) Pacing Mode (Self-pacing vs. Fixed-pacing) - As indicated in Tables 2
and 3, = significant difference in Errors was observed between the two pasing '
modes. Externally fixed pacing (both speeding and slowing) led to the commis-
sion of more errors during the program than did self-zdopted pacing. Expressed
as error rates, the difference was 29 percent for the self-paced group vs. 38
percent for the fixed~-paced group (P < ,01).
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Table 2 £
Swwaries of Variance Analycus of L
Four Dependent Measures: Grade 6 '
(N = 256 [’
' #Hean -
Source D.¥. Sgquares r r
Mods 1 1.96 10.66%# L
0 1 6.08 10.13%»
103 ERRORS Mx 8 b § . -
ELYCTRICAL MNx1I b § +15 2.k8 [
CIRCUITS 8xI b § 00 -
Mx8x1I 1 X -
Within Replicates 248 .06 i
¥ode : k92,29 1.ih
Setting 1 3.75 -
) 2 72991.60 166.97+» [
FOSTTES? Mx 5 1 . - 3
ELECTRICAL Mx % 1 125.16 -
CIRCUTTS 8z 1 i 2k2, 1! -
Mx8x1I b1 35.2 -
Within Repiicates 248 33.50 &
Mod:2 1 '100%, 0% 3.53
Setting 1 156.49 - -
n 1 33329.13 117,045
RETRNTION Kx8 1 169.46 -
ELECTRICAL Hx )} 42,78 -
CYRCULTS 8x1 1 ki 46 -
¥x8x1I 1 554.99 1.95 E
Within Replicates 248 284,78
Setting 1 2932.33 3.35% :
STmeTRreAL n 1 993.56 1.6 E
Ex1I 1 07 -
CIRCUITS
Within Replicates 124 .32 r
*s1gnificant beyond the .05 level
#zgignificaut beyond the .01 level E s

lsmce Time vas free {o vaxy oaly for the seif-paced conditions,
the ¥ for that analysis is 128

1B
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Toble 3

Summary of Rumber of FRROGS Committed During The Zlectrical
Circuits Progrom for Each Zevel of Esch Variablel
{r = 256)

Ievels of Independent
Variables Mean

sely-paced 212.59
fierd-paced 147.88

Srocsnc eceGeleestOB DS LI - L L LT Y Yy Y W veosee cTooeoee eeoswoeoeose LA L L LT 2Ty T Y T )

high <.01
low 169.80

1rotal muaber of errors possible = 390

Table b

Sumary of Percentage POSTTEST Scorey
for knch Ievel of Eac.. Variable
(x = 256)

Ievels of Independent
Variacles Mean

self-paced 5%.19
51.82
52.92
52.68

LI L LD L LT LT LT T N

63.57
36,03

‘fable 5

fhomeary Of Percentsge RENTITIOG T2SY
scores for Each level o7 ¥:ch varisbie
(% = 256

levels ef Tundvvendent
Variatlee 8.D.

salf-paced . 21.55
fix=d-paced 10.2%

8izn.
leve)

N.B.

oceoode Peoac 2o

19.23 x.8.

22,72

21.03
.37

£.01

Teble 6

Sumary of TIME to Complets ihe Frogras
(In Min»®.) for Bsch Level of Esch Yariable
{X = 128)

Tevele of ludependent
Variabtles

isclated

Q
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Inspection of Tables U and 5 reveals that the superiority of the self-
paced groups during the program was followed by slightly highor scores om botn
Postiest and Retentionn Test. Hewnver, as shown in Teble 2, neither dirierence
is significant.

R A Y 2 i) e I A A A 2 T

(b) Administrative Setting (Isoleted vs. Group Setting) - Ti mey be seen
from Table 2 that tae setting in which the program was administered also hed a
significent effect on Errors. The Ss who worked in isclation from their class-.

iy

‘ nates committed more exrors than did those who worked in classroom groupg. (See
Teble 3.) The difference ia error rates wes 36 percent for the isolated Ss va. S
30 percent for the grouped Ss .(P < .05).
Despite the superiority of the group satting is accuracy during the pro- g
gram, it may be seen in Tedles 4 and 5 that Pesttest and Retention Test scores g
wers very similar following both settings. BEeither difference approuached U
sigaificance.
i

Zable 2 alsc summarizes the analysis of Time spent by the self-paced Ss to
complete {he program. That analysis revealed that the group setting led to
slover times than resulted from the isolated setting. The difference, 145 vs.
136 rins. (see Table 6), is siguificant at the .05 level. The fact that iso-
lated Ss adopted faster work rates mey explain, at least in part, why they
committed more errors during tha program.

(c) Ability - From Tables 2 through S, it is clear that the high-IQ Ss
vere superior to the low-IQ Ss on Error, Posttest and Retention Test measures.
The differerce in error rate was 23 percent for the high-IQ Ss vs. 40 percen.
for the low-IQ Ss (? <.01}; in Posttest, 70 vercent (high) vs. 36 vercent (low)
(P <.01); in Retention, 39 percent (high) vs. 18 percent f1ow) (P < ,01).

R Sy EXR el
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The one measure which failed to differ significantiy as a function of
ebility was that of time taken to complete the program. This outcone, of
course, veritied similarities which were evident in the scatter diagrems pre-
gsented earlier in Figs. 3 and 4. While the mean time tskem to complet.e the
progran was somewhat shorter for the more capable students ; the general pattern
wes such a8 to make clear that the self-adopted work rates or these students
bosre nttle relation to their ability to leam.

/o
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While a number of significant main effects were noted within the set of
analyses summarized in Table 2, on no measure 4id an interaction approach afa=
tistical significance. Considering both low and high IQ students, then, the

-

cbserved effects of each independent variable appeared to be fairly wiiforn.
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i Table T
Summary Analyses of Varisace ¢f the
Performance of ILow-IQ, Sixth Graders
’ (N = 128)
§
55 Source D.F.
l Log Node 1
i ERRORS Setting 1
‘ KELATIVITY MxS 1
| ! Within Replicates 124
= Mode i
POSTTEST Setting 1l
5 RELATIVITY MxS 1
%¥ithin Replicates 124
- Mode 1
£  RETENTION Setting 1
REIATIVITY Mx§& 1l
3 Within Replicates 120
3
2
Table 8
g Performance Summaries of Treatment
Groups of Low-IQ, Sixth Graders
5 (N = 12b)
Ievels of Iadependent
g Varisbles
self-paced
Mode
l FERRORS fixed-paced
AWZIVITY 0 TTTETTEesees TTTT e e ses st ettt L L D D D DS
. REL4 isolated
g 3etting
group
self-paced
Mode
POSTTEST fixed-pace&
1 REIATIVITY =~ = =meeemcrccccomcmmesccccccoreseneon e oo
l REIATIVITY 1solated
Setting
. - group
i self-paced
Mode
z mﬂz{'\}g ------ e @ixed“Pac ed
’ ------------------------------ @O0 D as M AU TE 00 oD AP AP L WP 6 b 5 @B W 1Y
RELATIVITY iso]ated
Setting
| -
) =21
-




Tae Effects of Slowing Lov-IQ Students =

Since the fixed pace employed for high-IQ S8 was designed to be a speed-
up end that employed for low-IQ 8¢ wes designed to be a slow-down, the two
ability levels were snalyzed separately 80 as toc clarify the effects of the
two different operations. The former was, of course, designed to maximize
leamning efficiency, the latter to maximize learning effectiveness.

=3 ™=

(a) fualysis of variance results for low-IQ S8 - The analysis of variance
sumraries and mesns for each low-IQ treatment combination are presented in
Tebles 7 and 8.

The most general pattern discernable from these analyses is that, contrary
~ to expectation, foreing sixth-grade séudents to spend more time or the program
failed to enhance their performance. On the contfary, the éelf-paced group
tended to be superior on all three dependent méasures. The superiority in
Errors was significant (P <.,0l), while that in Posttest and Retention failed
t0 reach significance.
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PER CENT ACHIEVEMENT
ON RETENTIOW TEST
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PACING MODE

Fig. 5. Mode x Setting interaction for Retention
scores among low-IQ Ss.

Although there were no significant main effects in the Retention measure,
a significant Mode x Setting interactica (P < .05) aid occur. The interaction,
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displaeyed graphically ir. Fig. 5, indicates fha.t the~ superior retention of self-
paced Ss occurred only among Ss who worked in isolation. That is, the grouped
Ss (S/(a‘vLow & F/GLow) obtained very similar scores under both pacing modes,
while for isolated Ss (s/xw & F/I m'), the fixed pace produced substantially
lowered Retention scores. This finding is rather surprising since no evidence
of such an interactive effect is present in either Errors or Posttest; mean
Posttest scores of the S/ILow and F/ILow groups were virtually identical. It
will suffice, then, to say thut, while forcing these students to work at a
slow pace was generally not successful, it was particularly unsuccessful as
measured by the retention scores of Ss who worked in isolatien.

(b) Performance of various subgrou}is‘ among the slowed Ss - It is of fur-

ther interest to consider the outcome of the slowing strategy with respect to
particular subgroups. From the eerl.er discussion of optimal pacing (see
pages 6 and T), it will be recalled that the imposition of a slow pace is
aimed primsrily at those Ss, the fast-working, low achievers, whose habitual
self-adopted pace is rela.tive."ny'ra.pid despite high error rates and low
achievement. On the cther hand, other vypes are less likely ¢o benefit from
a slow fixed pace, e.g., Ss who perform well despite & rapid self-adopted -
wourk rate (fast-wording, high achievers).

The various iuypes of Ss, among those who worked at a fixed pace, were
identified, a pricri, co that the effects of the slowing strategy on each
type could be analyzed. Using performance scores obtained by self-paced
Ss on the Elesctrical Circuits Program, a prediction equation was generated
for each dependent variable. Predictors were selected from among the pre-
liminary measures obtained from all Ss prior to the administration of the
Electrical Circuits Prcgram. By placing his gppropriate predictor scores in
the prediction equations, a predic*ed score was calculated for every fixed-
paced £ on Electrical Circuits Program performance measures. Knowing now long
he would have spent and what his achievement would have been had he worked
under self-peced ¢conditions, it was possible to decide _whether S's performance

was impaired or enhanced by exteinal pacing.

The predictions were accomplished by performing a series of multiple
regression analyses in which eight preliminary measures were considered &s
predictors of each of the dependent measures obtained by the self-paced Ss on

the Electrical Circuits program. These preliminary, predictor measures
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included: (1) IQ, (2) corrected reading rpeed (number of item~ correctly
martnd on the Tinker S'peed of Reading Teztc), {3) uncorrected reading speed
(number of items attempted), (4) svm .f pretest scores on the preliminary pro-
grams, (5) total time spent to complate the preliminary programs, (6) total

errors committed on preliminary progrims, (7) total posttest scores on pre-
liminary prog ams, and (%) score on Electrical Circuits Pretest. The four

i
s

dependent measures on the Rlectrical Cirgquits program, for which multiple

regression equations :ere generated, were: (1) Time to complete, (2) Errors,
(3) Posttest, and (4) Retention.

-Giver the muitiple regression weights obtained by that procedure, and the
appropriate precd;ctor scores each fixed-paced S had obtained during preliminary
sessions, it was possible to calculate a predicted score for each S on each
dependent measure. There predicted scores may be described as estimates of
the actuel scores each S would have obtained, if Le had taken the program under

s

self-paced conditions. It was then possible to compare predicted (self-paced)
scores with actual scores cbtained under fixed-paced conditions, and assess the
effects of fixed pacing on the performance of each individual.

A separate set of regression equations was generated for isolated and
grouped Ss. All of these multiple regression analyses are summarized in Tables
5 through 12, Appendix B.

Fokite!, “

In order to provide an overview of the effects of t:: siow-down on the 64
low-IQ 3Ss who were submitted to 3%, a sestier diagram was plotted of predicted
time vs. predicted achievemenl scores. The data points on this diagram, dis-

g

pleyed in Fig. £, reveal the particular work rate snd achievement pattern pre-‘
3icted for each S, For example, & point falling in th= lower left-hadd quadrant
represents a’ fast-working, low achiever: a point falling in the upper right-hand
quadrant represents a slow-worki=r, high schiever. To each date point is at-

tached an arxcw which traces the difference, up or down, vetween predicted (self-
paced) and obtained (fixed-paced) Electrical Circuits Posttest scores. An up=-
ward arrow indicates that the slowing strategy resulted i chanced performance

for that S. Th» downward arrows, of course, indicate pe .mance decrement.

Inspection of Fig. 6 clarifies a number of facts. first, about as many Ss
vere iwmpaired by the slow-down as were helped by it. Second, the tendency for
gain or loss seem; not tc be different for different subgroups. Third, while a
fair number of Ss fall in the lower left-hand corne: o the diagram -- Ss pre-
dicted to have been fast-working, low achievers if allowed t. pace themselves ==

they show no strcng tendency toward higher achievement from the forced slow-down.
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A zore fetailed analysis of outcomes for this group of S__s was accomplished
by selecting those 18 Ss from the group who were predicted to be the festest-
vorking, lower’, achievers and analyzing differences between their predicted and
obtained scoves cn each dependent measure. The resulis of the t-tests, sum-
marized in Teble 9, verified that: (1) the fixed pace was sicwar than their
normal pace (P < .01), {2) they committec slightly fewer errors, (3) they
achieved somewhat higher Posttegt scores, and (4) slightly lower Retention

scores, RKone of the latter three differences approached statistical signifi-
cance. :

Table 9

Summary t-test Analyses between Predicted and
Obtained Scores of Fest~Working, Low Achievers

Grade 6
Dependent - o Sign.
Variable _l_l_ _l_)_*_. : __(_1_ E level
Time * 18 "30.67 7.89 "3089 001
Errors 18 1.67 - 14.05 .12 N.8.
Posttest 18 ~3.h4 2.82 -1.22 N.S.

#*
(-) sign indicates that obtained score vwas greater than
predicted score

Ca the basis of 211 the foregoing, it seems very clear that the strategy
of forcing low=-ability sixth graders to spend more time on the program did not
result in more cifective learning. Thix outcome is not attributable to &
shortage of non-adaptive self pacers in the sample, since a substantial pro-

rtion of the group were relatively fast-working,. low achievers. However, even

“hen considered vy themselves, they displayed only a modest tendezicy towara .
improved performance.

The Effects of Speeding High-IQ Students

(a) Aralysis of varisnce results for high-IQ Ss - The cutcomes of the
speeding yrocedure for the high-sbility Ss are summarized in Tadles 10 and 11.

Here again, as measured by all three dependent varizbles, the gereral of-
fect of externally-controlled pacing was to impair performance. Thig was not

=20

g TR o Tt

e T e T e T T o T o T T s

iz
~

MIRYPAD
- -,

AN Y &
4
DA X - W o oA
M » 7% ~ 23 »
e \n IR

e




Table 10

Sunmary Analyses of Varizace of the
Performance ts\f(‘j.‘.,?,‘m«-IQ3 Sixth Graders
n -

Source D.F. Squares F
06 Mode

1l
mueone Sevting 1 ozl 4,30%
REIATIVITY Mx S8 1l

Within Reylicatee 124 05

ﬂ-----ﬂ--.-mf‘-------------m--c)---------K--.s-’--ﬂ--&.--Q---------------

POSTTEST Setting
REIATIVITY M x S

- ap G0 an op WP Dy W -.--------u---------—--u--ono-----ar,----u----nm----------n-

RETATIVITY M x 8

1l
RETERTION Setting 1 183.88
1l

Within Replicates 120

Table 11

Performance Summaries of Treatuent
Groups of High-IQ, Sixth Graders
(¥ = 128)

ILevels of Independent : Sign.
Variables Mean Level
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self-paced 74 .39
Mode _ Z.01
ERRCRS fixed-paced 106.94 |
T [v III i --------------------------------------------------------------------
Rei isolated 99.77. ,
Setting < .05
group 81.56
self-paced 71.66

RELATIVITY isolated 68.72

self-paced k1

RETENTION fixed-paced 37.05

RELATIVITY isolated 38.36

group L0.69

@
f




go surprising in this case, of course, since the fixed pace was designed to
force most of these high-IQ Ss to werk faster than they normally would. While
accuracy during the program was impaire¢ significently, the impairment in Post-
test and Retention failed to reach statistical significance. (See Tables 10
and 11.)

(b) Performance of various subgroups among the speeded Ss - A more detailed

description of the outcomes of the speeding strategy is provided by the scatter
diagran of predicted time vs. predicted achievement for the 6l Ss who worked
under fast, fixed-paced conditions. This diagram, displayed in Fig. T, permits
observation of the effects of speeding for the various types of Ss. It is
evident that the vast majority of the group was indeed forced t¢ work at a fas-
ter than normal pace; predicted self-paced completion times were longer than
127 mins. for U7 of 64 Ss. Furthermore, & substantial proportion of the group
was predicted to be slow-working, high echievers inder self-paced conditicns:
the type most likely to withstand speeding withoui, performance decrement. A
closer look at the diagram reveals that these types, falling in the upper,
right-hand section of the diagram, withstood the speed-up without consistently

tending towaré achievement decrement.

Unlike the situation observed for the slowed Ss there is an area of this
diagram which displeys a fairly consistent itrend. Those Ss (to the left of
126 mins.) appeared to suffer from the fixed pace which, for them, repres-ated

slowing rather than speeding.

Two final sets of analyses were conducied for this speeded group. The
Tirst consisted of a series of t-tests of differences between predictéd and
obtained scores for that quarter (N = 16) of the group predicted to be the
slowest-working, highest achievers. The second set counsisted of similar anale
yses for the 17 Ss who were, in fact, slowed rather than speeded by the op-
timal pace employed.

The results of the t-tests for the slcw, high achievers, summarized in
Table 12, were as follows: (1) The fixed pace was faster than thei. normal
pace (P <,01), (2) they committed more errors than predicted (P <.01),
(3) their posttest scores were somewhat, but not significantly, higher than
predicted, ané (4) their retention was & trifle lower than predicted.
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The results of the t-tests for all Ss vwhose predicted time was less then E%
126 mins. ure summarized in Table 13. The tests indicated that these Ss: -
(1) committed more than the predicted number of errors (P <.05), (2) achieved r
lower posttest scores than predicted (P <.01), and (3) achieved lower reten-
tion scores than predicted (P <.05, not significant). '

0
i1 e

It would sppear, taking all of the high~I§ analyses togetler, that the
prospects for maximizing efficien§; through pacing are brighter than those for
maximizing effectiveness., With two important qualifications, the forced speed-

up appears to succeed in shortening learning time without performance decrement.

The first 1s that the fixed p must, in fact, be faster than the normal pace.
Those high-ability students who are slowed by this pace are impaired by it. The
second qualification is that the speeding does take its toll in sccuracy during

EL‘MJ

the program. degpite the fact that no pnarticular decrement 1z noted in pogttest

- e e

or retention performance.

LME
.

Table 12

Summary t-test Analyses between Predicted and
Obtained Scores of Slow-Working. High Achievers

DM
W,
®or, . n e L

!1- . ,

" Srores of 14 Ss Whose Predicted, Self-Adopted Time was less than 126 min.

Grade 6
Dependent - .o Sign.
Variable N D¥ _a i1 level
Time (min.) 16 17.63 1.2k 1h.22 <.0L
Exrrors - 16 -32.88 10.03 ~3.28 <.01.,
Posttest (%) 16 -4.81 3.51 -1.37 N.S.
Retention (%) 16 1.31 h.51 .29 N.S.
*¥%
(-) sign indicates that obtained scores were greater than predicted
... seores

i B o B Lot

Table 13
Sumzary t-test Analyses between Predicted and Obtained

o » . S - ]
N e 5 ‘R
L. % o .

Grade 6
Dependent ! _ o Sign.
Variable N D¥ _a t level
. EI‘I‘OI'S -Ll" "18021 7078 “2h3h < 005
Posttest 1k 5.86 2.04 2.87 <.01
Retention 14 5.58 .45 1.25 N.S.
o, ' -
(-) sign indicates that obtained scores were greater than predicted
scores
-30-
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Summary: Grade 6 Zxperiment

The overall effects of each independent varisble: Pacing Mode, Admine-
istrative Setting and Ability, may be sumnarized as follows:

(A) Self-pacing resulted in fewer Errors during the program (P < .95)

than did externally fixed pacing. Self-pacing alss =2 to somewanat, vut mot

significantly, higher achievement &s meesured by Posttest end Retention Test
scores.

(B) Students who worked in group settings spent more time to complete the
program (P <.05), and committed fewer Errors (P < ,05), than Ss who worked
in isolation. However, virtually no differences were observed between the two
gettings on either Postie3at or Retention Test scores.

(C) Hdigh-ability Ss spent somewhat, but not significantly, less time to
complete the program than did low-ability Ss. However, they committed fewer
errors (P <.01), and achieved higher Posttest (P < .01) and Retention Test
scores (P < .01).

The results of the fixed-paced strategy designed to force low-IQ Ss to
slow down vere as follows:

(A) The slow fixed pace led to impaired, rather than enhanced performance
as compared to self-pacing. Fixed-paced 5s committed more Errors {P < .01l) and
achieved somewhat lower Posttest (N.S.) end Retention Test scores (N.S.).

{B) The aistribution of predicted time vs. predicted achievemzat scores
revealed that a substantial proportion of the fixed-paced Ss could be' described
as habitually fast-working, low achievers. However, a set of t-tes:s of the
differences between predicted and obtained achievement scores revesled that
even these Ss failed to perform sbove their predicted self-paced levels.

The results of the fixed-paced strategy designed to force high-IQ Ss to
work faster were as follows:

(A) The fast fixed pace led to higher Error rates (P < .01), lower Post-
test (N.S5.), and lover Retention Test scoves (M.S.).

(B) The distribution of predicted time vs. predicted achievement scores
revealed that 17 of 6L Ss were slowed rather than speeded by the fixed pace
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empioyed. Further analyses reveasled that the performance of the 47 speeded [

§s was rot, vith the exception of Errors, impaired by the fixed pace. The 17

sloved €3, on the sther hand, displayed zubstantial impairment from the fixed F
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GRADE 12 EXPERIMENT

One of tuc principle concerns of this s%udy was to compare the efficacy
of the self-pecing strategy and, congeguensly, the prospecta for improving
programmed learning through externelly controlled pacing -- at widely separ-
ated grade leveis., To this end, the experiment coaducted at Grade 6 was rsp-

licated at Grade 12. This second experiment is described in the following
sections,

METHOD

Subjects
The sample of 8s who participated in this experimsut ccnsisted of 298

twelith graders. The sample was drava from four Pittsbursh.area high schocls,
two public ard two parochisl.,

Materials

As in the sixthegrade study, two short preliminary lessons were adminise
tered in the schools prior to the main experiment. A %hird, longer program
vaz administered under cne of the seversl treatment conditions at en experia-
mental site. Rew toples werz used fyr the tvelfih-grade progrars bhecause the
subject matter of tez sixth-grade programs vas likely ¢» be gquite familier to
the older students. The topics chosen for ihe twelfth-grade programs, sub-
atomic particle behavior and relativity theory, vere selected becsuse it was
felt that they could be programmed for students of varying science back-
Srounds end yet repredent rew learning, cven for students who had teakan
high~school physies courses.

Preliminary programs - Two progfams on the nsture and behavior of suk--
atomic particles were administered to the entire semple in their classroonms.
Their purpose was to familiarize S8 with the programmed format apd %o provide
measures of students' characteristic, self-adopted work rates, error rates,
and achievenment levels on self-psced programs. Both programs were reproduced
in horizontal-book format with three rows of frames per page and confirmation
frames on the following page. The programs - 93 and T2 frames long -~- were
linear, requiring constructed responses. Sample frames snd achievement tests
are reporduced in Appendisx A.
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All preliminary tests and programs were administered to Ss in their
respective classrooms during three sepurate visits which were spaced over a
two-week period. The preliminary proczdure was thus very similer to that
followed during the sixth-grade experiment. The general order and spacing of
these gessions is indicated in Teble lik, While the order of administration
was identical for all Ss, the iatertask delay intervals varied so as to accom-
modete scheduling requirements of the various schools.

Table 1k
Schedule of 12%th Grade Preliminary Sessions

. Approxinste
Day. Tasks Length of Session
1 Pretests on Subatomic Particles I 1-1/2 hrs.,
end II, end Relativity Progrems and
the Tinker Speed of Reading Test
2 = 13 dsy delay
2 Subetomic Particles I Piogram end 1-1/2 hrs.
Pogttest
3 = 13 day delay
3 Svbatomic Particles II Program and 1-1/2 ars.

end Posttest

Experimantal program - The program used during the experimental sessions
was & 20h-frame lesson cn Einstein's Special Theory of Relativity. It dealt .
with the following concepts: . frames of refevence, the constancy of the veloc-
ity of light, the relativity of motion, time and distance, and some differences
between Classical and Relativistie physics. Sample frames and the criterion
Lost are vregsented in Appendix A.

All three programs underwent several stages of revision on the basis of
gryouts with twelfth-grade studsnta.

Experimental Design *

The design oF the Grade 12 Experiment was identical to that employed in
the Grade 6 Experiment., The sample Wes divided into high and low-IQ levels
aud Ss vere essigned randorly, within each level, to.one of the four treetment
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groups designated as: S/I (self-paced, isolated setting), S/G (self-paced,
group setting), F/I {fixed-paced, isolsted setting), and F/G (fixed-paced,
grouwp setting)., This resulted in a 2 x 2 x 2 factorial design like the one
described earlier and iilustrated in Fig. 2, pege 10, An analysis of vari-
ance of IQ confirmed a highly sigrificant difference between levels (P < ,01);

e My A

high.T0 mesn = 122. low-IQ mean = 102 (Sse Tables 12 and 1L Appendix R),

— T —

[ S

The independent variables were: Pacing Mode, self vs., fixed; Administra--
tive Setting, group vs, isclated; and Ability, high vs. low 1Iq.

The dependent measures were: number of Errors committed during the
program, Immediate Posttest, and Ketention Test scores. For those Ss who were
run under self-paced conditions, Time tmken to complete the lesson wes egain

Wbt a0e

free to vary a2 & dependent measure.

Procedure

LTS

The procedure employed during this experiment was very similasr to that
1 described for the sixth-grade experiment. All experimental sessions were con-
ducted on Saturdays at the offices of A°I'R; the entire sequence reguired four
sucecessive Saturdays for completion. A detailed description of the procedure
employed under each condition is identical to the one summarized earlier for
the sixth~-grads experiment. (See pages 11 end 12.)

WV i et N [ 7RI

3 Selection of optimsl fixed paces -~ As in the previoue experiment, two
Lixed paces were selected as being optimal, one for the high and one for the
1 Aow=-IQ portions of the sample. They were selected on the basis of an inspeeo~-

tion of the scatier disgrams of time vs. achievement on the experimentel pro-
gram, vhich were based on date obtained from the self-paced Ss during the
first two weeks of the experiment. The time vs. schievement data observed
from the kb low-IQ Sz who adopted their owm pace (S/ILow & S/Gmw) is given in
Fig. 8.

Nesaacioriod

[ PR

Inspection of the distribution in Fig. 8 reveals a rather different situ-
ation than was cbserved for lew-IQ sixth graders, (See Fig. 3, page 14.) The
slower=working tvelfth graders did not tend to achieve higher posttest scores.

[~ O L Y

Thus, it was not so clear that a particular slow pace might raise the achieve-
ment level of these students. The point chosen as "optimal” on the hypothet-
ical parsmeter correspounded to 110 mins. on the time scale. This was the
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~estest tire in which a student of less-than-100 IQ was able to complete the
program and obtein meximum achievementwhich, in this case, was 85 perceut.

Figure 9 displeys the comparable scatter diagram for the high-IQ§ group. {
Camparing it with Fig. 8, it may be seen that overall achievement vwas higher
for the higheability Ss. The amount of time spent to complete the pregram g: =

algo differed: the median for high-TQ Sz was 82 mine,, while for 1ow-IQ Ss,
the medien wes 95 mins. It will be recalled that at Grade 6, the median time
score was identical for both ability levels. HMany of the high-TQ twelfth

graders achieved posttest scores in excess of 90 percent, following a wide

£
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vange of comrletion times. However, the minimum time which appeared nez-
essay)” to achieve 90 percent was only 60 mins. and this was taken to be
"optimal."
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Having selected the optimal total time to employ at each ability level,
it was again necessary to distribute that total among 4‘he 209 frames of the
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program. ' As vefore, this was accomplished by using the per-frame time data
recorded from the 22 Ss, of each ability level, who worked under self-paced
conditions in the isolated setting (S/I). The medien time spent on each frame
by the self-paced Ss was expressed as & proportion of the sum of all these
medians. Five seconds were again allocated to *ach confirmation frame, so that
epproximately 17 minutes of the optimal tosal times were devoted to the check
pages. The remsining %ime was distributed ameng the frames in the proportions
calculated for each fraue frem the dala of the self-paced Ss. Times allowed
per freme varied between 10 and 49 secs. for the low-IQ Sz, and between 3 and
25 secs. for the high-IQ Ss.

Conduct of the fixed-paced sess’»ns - On Saturdsy 3, all low-IQ Ss assigned
to fixed-paced, isolated and fixed-paced, group condiiions were run at the slow
(110 mins.) fixed pace. The F/Lys gn 804 F/cmm
day 4, at the.fast (60 mins.) pace. The details of these procedures may be

conditions were run on Satur-

found on page 15 where they are described for the sixth-grade experiment.
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- All Ss were given the Relativity Posttest as soon as they finished the
program. The same test was administered for a second time as a measure of
retention, Retention testing was conducted at the various schools during twe
periods, 30-33 days following Saturday 1, and 30-33 deys following Saturday 3.
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Because of administrative difficulties, it vas not possible to test everyone
at equal deley intervals. This meant that for the Ss run. on Saturdsys 1 and 3,
the delay vas 30-33 days, but for those run on Saturdays 2 and 4, the delay
vwas only 23-26 dsys. The aversge d«lay interval was thus comparsble among both
Setting and Pacing Mode conditions, but the high-IQ, firxed-paced group wes
tested systematically sooner (three weeks vs, four weeks) than the low-IQ,
fixed-paced group. Therefore, any superiority to be found for the high-IQ

groups in Retention score may be psrtly attributed to the fact that they were
retested sooner.
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RESULTS

!

i

I The results of the twelfth-grade experiment will be presented in a nanner

analogous to that employed to summarize the previous, sixth-grade experiment.

I Separate sets of analyses will be described which deal with: (1) the overall

effecte of Pacing Mode, Sctiing, and Ability, (2) the specific effects of

I optimizing the pace for all low and high ability Ss, and (3) the effects of
ortimal paces on the paxticular subgroups of Ss hypothesized as most likely to

I

|

:

benefit from that procedure,

In addition to the summaries of twelfth-grade results, comparisons will be
mede of the results of the two experiments. The purpose of these comparisons
will be to assess the role of grade level on the relative sbilities of students
to adopt work rates which are adaptive and, consequently, the degree to which
programmed learning may be improved by externally controlled pacing for students
at the laower and higher grade levels.

The COverall Effects of Pacing Mode, Setting, and Ability
The effects of each independant varisble in the 2 x 2 x 2 factorial design

E (see Fig. 2, page 10) were again assessed by analysis of veriance techniques.
The experimental sample consisted of 176 S§s with 22 replicates per cell. To
} test for the results of the random assignment of Ss to treatment conditions,

analyses of variance were again performed on I§, Pretest scores, and charac-
teristic Work Rete (on the self-paced preliminary programs). These analyses
are summarized in Tables 13-16 in Appendix B, As was the case in the sixth-

) grade experiment, the various groups appeared reasonsbly well equated on

E these measures. The high-IQ level was again different on Pretest and Work
Rate than the low-IQ. The one significant failure of the randomization pro-

F cedure to equate the groups occurred on Woxrk Rate among the high-IQ Ss. Teble
13-B reveals that a significant Mode x Setting x IQ interaction exists for

; Work Rate. Inspection of the cell means indicated that those high-IQ Ss
assigned to the F/I and S/G conditions were slower workers than those assigned
to the S/I and F/G conditions.

The dependent measures of primary interest are scores on Immediate Post-
- test and Retention Test as well as Errors committed during the program. Time
| to complete the program was again free to vary among the self-paced Ss. Four

analyses of variance based cn these dependent measures, are summarized in Table 15.
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(a) Pacing Mode (fixed vs. self) - From 7Table 16, it may be seer that fixed-
pacing resulted in more errors than self-pacing. The difference, in rates c¢*
error, was 22 percert for fixed-paced Ss vs. 17 percent for self-paced Ss (P < .01).

The superiority of the self-paced groups during the program was accompanied
by somewhat higher Posttest and Retention Test scores. {See Tables 17 and 18.)
While the difference in Posttest means was not significant, that in Retention
was significant beyond the .01 level. (See Table 15.)

The effects of Pacing Mode observed at Grade 12 are thus quite consistent
with those cbserved at Grade 6. Self-paced Ss at both grade levels were more
accurate during the program and tended to perform better on criterion tests.
At both grades, however, the differences between self ard fixed-paccd 58 on the
posttest measure failed to be stetistically significant. Only at Grade 12 did
self pacing lead to significantly better Retention scores.

(b) Administrative Setting - From Teble 16, it is evident thet the setting
in vwhich tke program was administered again had an effect on Errors. The mean
error rate for the isolated Ss was 22 percent vs. 17 percent (P <.01) for

those who worked in groups. (Sece Table 15.)

As was the case ai Grade 6, the superior accuracy of the grouped Ss during
work on the program was not accompanied by a significant difference in either
Posttest or Retention Test scores. (See Tables 15, 17, and 18.)

Table 15 also summarizes the analysis of Time spent by the self-paced Ss
in completing the program. As was the case at Grade 6, the group setting again
led to longer completion times than occurred in the isolated sa2tting. The dif-
ference in this cese, 95 vs. 86 mins., is significent at the .0l level. (See
Tebles 15 and 19.) |

The fact that the isoleted Ss adopted faster work rates is consistent with,
and may accownt for, the ract that they were less accurate /during the program.
An alternative explsxation might be that, since isolated S8 were muci: more
closely monitored than were the grouped Ss, they had less opportunity to read
ahead and copy correct responses from confirmation pages. Although the grouped
Ss were monitored, there was not an E for every S as was the case in the iso-
lated situetion.
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Teole 15

Smmriee of Vai‘iance Analyses of
¥our De; andeat Measures: (rade 12

(n = 176)%
Mean
80\11‘03 D-ro . E!mea !
Mode 1 1.18 28.80%»
Setting b 4 ' 28. 0O*¥,
Q b 3.23 81. 00**
100 ZRROR™ Mx8 b .02
REYATINVITY Mx1I 1 .76 18.50**
8x1I 1l 03 -
Mx8x1I i .03 -
Within Replicates 168 Ol
Mode 1 589.15 2.3
Setting b 34.59 -
1 [ ] L]
POSTIEST . ! 22105.22 83.29%+
RELATYVITY x . -
MxI 1 43.98 -
8x1I l 10.97 -
Mx8x1I 1 205.39 1.18
Within Replicates 168 251.29
Mode it 2768.20 9.24%»
Setting 1 611.27 2.04
. RYT
RETRNTION I3 1 2710145 % 4l
RETATIVITY HxS 1 752.82 2.52
= MxZI 1 76.45 -
gx1 i 439.11 1.h7
MxS8xI 1 477.83 1.59
Within Replicates 168 299.68
Setting 1 2091.36 1 .56%%
;gmgm : 19 1 4131.91 . b .Gl
= 8Sxnl 1l 8.30 -
Hithin Replicates 8 276.60
*gignificanv beyond the .05 level
##rignificant beyond the .0l level
lsmce Tive wvas free to vary only for ‘he self-paced corditions,
the N for that analysis is &8
%)
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Teble 15

Swmary of Number of ERRORS Comaitted During The
Relativity Program for Each Level of Each varisblel

(¥ = 176)
- Ievels of Independent sig.
Variables Hean B8.D. Ievel
MODE ° self-pacad 54.36 36.95 €00 z
f1xed-pace? 70.58 31.9% :
‘ SETTING 1solated 70.3 3531’;"""""'::;'
group 5k.60 35.06
oy high . 4s5.83 26.31 .00
lov 79.11 3k.65 ‘ g
I'Ibtal mumber of errors possible = 325
I Table 17 a
Summary of Percentage POSTTEST Scores
for Each level of Each Variable
(K = 176) %
;‘ . levels of Independent ‘ Sign.
N Vazriables Mean 8.D. . Level
Y MODE self-paced : 76.'&5 19.76 X.5. '[‘3
; fixed-paced 72.80 18.82 ;
; EETTING isolated 7%.18 - 19.26 .8
. ' group 75 07 19.50 g
0 high 8.8 .17 Z..0%
low 63.40 19.28 é
Table 18
Summary cf Percentage RETENTION TEST
Scores for Each Ievel of Each variable é
(5 = 176)
- levele of Independent Sign. ,
& Yariabdbles Mean .D. 1evel
“ MODE self-paced 62.05 £ b6 Z..01
X tixed-paced 5h4.11 21.38
SETTING 1solated 56.22 21.73 5.8 g
group 59.94 21.68 ' '
o) high 70.49 15.35 2.0 E
low 45.67 20.05 &l
Table 19
Sumary of TIME to Complete the Program ' i
: {In Mins.) for Each level of Each Variable
- (N = 88
Ievels of Independent ) Sign. E
. Varisbles Mean 8.D. Tevel
: — 1solated 85.57 18.41 € 01 i
; group 95.32 17.26 E .
n igh 83.59 14.83 <.01
low 97.30 19.22 E
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(c) Ability - Inspection of Tables 15-19 indicates that high-IQ Ss were
again clearly superior to low-IQ S8 on every uependent measure. The difference
in error rate was 1l percent vs. 25 pernent (P <.01); in Fosttest, 86 pei.cent
vs. 63 rercent (P < .01j; in Retentiou, T0 percent vs. 46 percent (P <.01).
The direction of =ach of these differences parsllels that observed at Grade 6.

Ore major differsnce betwcan the grade levels !s in the effect of Ability
upon Time to complete the program. It will be recalled that no significant Ig
difference was observed fcr Time scores of sixth graders. In the case of the
tvelfth graders, however, the IQ difference was significant. From Table 19,
it may be seen that low-IQ 5o .pent a mean time of 97 mins. to complete the
program vs. only 84 mins. for high-IQ Ss (P < ,01).

Oth.one significant interaction cccurred in all these analyses: Pacing
Mode x IQ in Errors. (See Teble 15.) Briefly, this interaction indicstes
that while liitle difference in error rate existed hetuecen self {23 percent)
and fixed-paced (25 percent) low-IQ Ss, a fixed pasne for high-IQ Ss led to &
substantial increase in error rates, from 10 percent to 19 percent. Thus, the
slowing of low-iQ Ss had little effect on their aceuracy during the progran,
.whevreas the speeding of high-IQ Ss caused a substantial aecrease in thzir
accuracy.

The oversll effects of each independent varisble, then, are highly simi-
lar at both grade levels. The one major exception noted was the difference in
time taken to complete the program between high and low=ability twelfth graders.
It eppears that self-adopted work rate is more strongly releted to ability et
Crade 12 than at CGrade 6.

The Effects of Slowing Low-IQ Students

An evaluation wes again made of the slowing-up strategy for low=gbility
Ss by variance analyses. The effecis of the strategy on particular subgroups
within the low-ability level were again assessed by a multiple prediction pro-

cedure completely analagous to that described for the sixth-grade experiment
(pages 23 and 24).

(2) Anelysis of variance results for lov-1Q Ss - The varisnce analyses for
low-IQ Ss are summarized in Table 20. The means of each trestment group on

each dependent messure arpear in Table 21,
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Table 20
! Suminaries Of Anelyses of Variance of the

¢ Performaace of Iow-IQ Twelfth Graders

}\' (x = 88) E
;

. Source D.F. Squares P

y LOG Mode
1 ERRORS Setting

R

Rpir |
]
3

' RETATTUTTY Mxg 05 1.57 -
, Within Replicaies .03 . &
: s Repeates 8 : Q

i

POSTTEST Setting ‘ i
REJATIVITY Mx8 i 150.28

84
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j Table 21
Fecformance Suwmmaries of Treatment
' Groups ¢ Low-I¢, 'ITwvelfth Graders
f (N = 88)

. - M Y g
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*

Ievels of Indzpendent 8izm.
j Variakles : ¥ean ievel
. - — - ot >
. self-paced 70.47 ;
\ Mode ) N.S.
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These analyses reveal that the slowing strategy failed to enhsnce the
psrformance of the low-ability students. Or the ccatrary, the direction of
the differences favored the self-paced group oa every measure, although only
the difference in Retention was significaat (P < .05).

The pattern observed among the low-ability twelfth greders is very simi-
lar tc that observed amung their counterparts in sizth grade. At both grade
levels, the forced slowdown tended to degrsde rather than to enhance their
performance. There appeared to be less decrement in accuracy during the Pro-
gram among the older students, but seomewhat more deerement in their retention.
These minor differences aside, the strategy of prolonging their contact with

each frame in the pfogram appears tc be equally unsuccessful at Grades 6 end 12.

(o) Performence of varicus subgroups among the slowed S8 = While the

results of the varisnce analyses summarized above display rather high similar-
Ty between the two grade levels, s more detailed inspection of results for
subgroups revealed some interesting differences.

Figure 10 displays the scatter diagremof predicted time vs., predicted
achievement for each of the L4 low-IQ Ss who worked under the slow, fixed-
paced condition. These data points represent estimated time and achievement
scores which would have resulted hai they worked under self-peced conditions.
(The multiple regvession analyses and predictor weights based upon 88 self-
paced Ss are summarized in Tebles 17 through 24, Appendix B.) To eack S'e data
point is connected an arrow which leads to the actusl posttest score obtained
by that § following the slow, fixed pace. The locaticon of a dats point re _als
the work rate and acl ievemznt pattern predicted for that S, had he been per-
mitted to adopt his cwn pace. For example, points falliing in the lower left-
hand quadrant describe fast-working, low achievers. The direction of the arrow
connected to each point indicates whether fixed pacing led to higher (upwsrd

a.rrow),or_ lower (downward arrow) scores than would have resulted frcm self
racing.

The nost apparent feature of the data sppearing irn Fig. 10 is the relative
sbsence of cases predicted in the lower left~hand quadrent of the diasgram; there

were few S8 who could be characterized as habitual fast-working, low achievers.

This situation contrasts markedly with that cbserved at Grade 6, where a sub-
stantial number of Ss were predicted to be fast, low achievers (see Fig. 6).
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Fig, 10. Scatter diagram of predicted time vs. rredicted achievement
scores for 4b low-IQ Ss ho tock the program urder oiow (110 mins.) fixed-
paced conditions. Arrows end at actual posttest wcores obtained.

Regarding the direction of the differences, the genersl trend is for
obtained scores to be glightly lower than predicted sccces. This, of course,

is consistent with tho analysis of varienze outcoie; the slowing strategy

failed to enhance posttest seores. Further, that general trend appeared to be

feirly wniform over the entire distribution with no particuler gubgroup bene-
fitting from the slowdown.

Although few students could be characterized ss clearly fast-working,
low achievers, the ten Ss predicted to be the fastest-working, lowest achievers

(bad they raced themselves instead of having been slowed down by the fixed pace)

vere selected for further analysis. This is the group vhich was hypothesized

as most likely to benefit from th: siow, fixed pace. A reries of t-tests was
conducted to assess the differences between their rredicted ana obtained scores
on each measure. The results of these itests appear in Table 22, These analy- )
88 indicate that: (1) the fixed pace (110 mins.) was indeed slower than their
normal paces (P < .01), (2) they committed a somewhat lsrger number of errors,

(3) they schieved somewhat higher Posttest scores, but () significeantly lower
Retention Tes? scores (P < ,01).
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Table 22

Summary t-test Analyses between Predicted and
Obtained Scores of Fasi-Working, low Achievers.

Grade 12
Dependent- _ _ 5 ~ Sign.
Variables N ¥ 4a t level
Tima 10 -17.25 144 -1Z2.15 <.01
EI'IOI'S 10 "11080 Sohé "2016 N.SG
Posttest 10 -3.90 2.186 -1.81 N.S.
Retention 10 16.40 3.87 h 23 ¢ .02

* (-) sign indicates that ohtaired score was greatcr than predicted
score

To summarize, the stiategy of slowing tvelfth graders failed to enhance
performence even for the Fastest-working, lowest—achieving members of the group.
To this extent the Grade 6 and Grade 12 findings are quite consistent. At
Grade 12, however, there are fever candidates for this treatment, That is, few
low-achieving twelfth gradere were habitually fast workers.

The Effects of Speeding High-IQ Students

The final assessment to be msde of attempis to achieve an optimel {ixed
pace concerns the stratezy cf speeding high-IQ ¢welfth praders.

(a) Covarisnce snalyses results for high-IQ Ss - Because of the marked in-
balance among high-IQ Ss in Work Rate which resulted from the readom assignment
to treatment conditions (see Table 13, Appendix B}, Work Rate (on ];relimin‘éry

programs) was employed as & covariant. Siymmary analyses and adjusted meaas
appear in Tedles £3 and 2k, '

From these tebles, it may be seen that the repid, fixed pace disrupted
performance as assessed by all three deperident measures., All differences noted

in the tebles favored the self-paced group and every one was statistically
sigrificant.

A significant interaction occurred in the Retention measure between Pacing
Mode and Administrative Setting. This interaction, plotted in terms of cell
means for adjusted Retention scores is displeyed in Fig. 1i. The superiority
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Table 23

Summary Coveriance Analyses.of the Performance
of High-IQ Twelfth Graders. Work Rate {on preliminary
programs) was employed as covariant throughout.

(¥ = 88)
Mean
Source D.7. Squexes F
1.0G {ode 1l 2.09 38505
ERRORS * Setting 1 .12 13.36%*
REIATIVITY MxS i 00 -
Within Replicates 83 .05
Mode 1l 520.76 L, 3%
POSTTEST Setting 1l k.03 -
REIATIVITY MxS 1 40.61 -
Within Replicates 83 115.97
Mode 1 979.91 b 5%
RETERTION Setting 1 746 -
REIATIVITY MxS 1l 987.62 b 48%
Within Replicates 83 220.37
‘Table 24
. Performance Summuries of Treatment
Groups of High-IQ Twelfth Graders
(w = 88)
levels of Independert Adjusted Sign.
Variebles Mean level
self-paced 31.39
. Mode <.0l
RELATIVITY 1solated 65.43
Setting <.0l
group 38.43
self-paced 88.29
Mcde ' < .05
POSTTEST fixed-paced o
REIATIVITY isolated 85.h4
Setting , N.S
group 86.27 o
gelf-paced 73.85
RETENTTON e e O e
REIATIVITY isolated 70.11
Setting N.S.
group 70.87
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S to work faster than he would have, if allowed *o gdopt his own pace. It is

S 1 STt i e SR

in Retention dicplayed by the self-paced S8 is accounted for completely by the
dsta for self-paced Ss who worked in the isolate} sxiting, That is, the
Retention means of the S"GH‘I. g aﬁd ?/f‘ Losw com@iticos av: psrectically identical,
condition is suwbstantially higher

vhereas the Retention mean of the ;’ High

than that of F/Iﬁgh' The implication seems to be th-% while speeding did
impair performance across the boar s il was particularly disruptive of the
retention of Sg who were specded in isolation. Curfousiy, tnis interaction

pattern is almost identical to that detected among sixth xraders who were

slowed (see Fig, 5, page 22), but sppeared in no measure other %han Retention
at either grade level.

1

5 . NG

70 Ner

65 “

PER GENT AGHIEVEMENT
ON RETENTION TEST
-
=
-3
%
S
[ -

\ ’ .
63.4 a
60

] |
Self-Paced Fixed-Paced
PACING MODE

Fig. 11. Mode x Setting interaction in Retention a
scores adjusted for characteristic work rate.

(b) Performance of various subgroups among the speeded Sg = The scatter
diagram of predicted time vs. prédieted achievement for each high-IQ S appears
in Fig. 12. It is evident from the figure <hat the optimal pace forced every

also evident that a fair nusber of high achievers were relatively slow workers
(date points falling in upper .ight-hand portion of the diagranm),

The fact thet more posttest scores went down than went up (as indicated

by the direction of the arrows) confirms that, the fast, fixed pace resuited in

reduced achievement for %this group as a wliole. From the upper right-hand por=-
tion ¢f the diagram, it appears that the slow, high achievers displayed about
as much reduction on posttest sceores as all other St.
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Fig. 12. Scatter diagram of predicted time vs. predicted
achievement of Ll high-IQ Ss vho took the program under fast
(60 mins.) fixed-paced conditions. Arrows end at actual post-
test score obtained.

In order to acsess the effects of speeding upon this group, 1b Ss
were selecied who vere predicted to be the slowest-working, highest achievers.
A series of t-tests were then performed to assess the differences betwesn
their sccres obtained under the fixed-paced condition and their scores pre-
d;.cted to have occurred if “hey had worked under self-paced conditions.
These tests, summarized in Table 25, revealed that the fixed pace: (1) was
indeed faster than their normal pace (P <.01), (2) resulted in commission of
more errors during the program (P < .01), (3) resulted in lower Posttest
scores (P < .01), and (4) led to a modest, but not significant, reduction in

Retention Test scores.

It seems clear, then, that speeding these students was not a successful
strategy for optimizing learning 'since the rapid pace took its toll on every
per.Jormance measure. The failure of the strategy cannot be attributed to a lack
of slow-working, high achievers; there were feir numbers of such students in
the twelfth-grade group. Even when considerzd by themselves, however, their

performence decrements were pronounced.
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Table 25
Summary t-test Analyses between Predicted and

/ Obtained Scores of Slow-Working, High Achievers.

Grade 12

: Dependent ___ o Sign.

% Variable N D¥ _a t Ievel
Time ik 26.86 .80 33.58 . <.01
Errors 1k -31.29 k.92 -6.36 <.01
Posattest 1k T.78 2.66 2.92 <.05

% Retention 14 2.86 3.81 .75 N.S.

»
g (=) sign indicates that ohtained score was greater than predicted
? score

2.

It will be recalled that the speeding strategy appeared to be more suc-
cessful at Grade 6, where the speeded Ss withstood the rixed pace without sig-

”3 uificant impairment in criterion-test scores. The observad failure of the

L spceding strategy at Grade 12 would seem to indicate that these students are

™ less amanable to speeding then are sixth graders. Bowever, it is first necces-
: sary to consider whether the degree of speeding brought ebout by the particular
- 4 fixed pace employed was the same at both grade levels,

Cne way to quantrfy the extent to which students were speeded by the rapid,
- fixed pace is to express the dif’erence between predicted and sctual total time
} as a percentage of the actual time, resulting in a percentage speedup or time
saved for each §. Thn mean percentege speedup for twelfth graders, calculsted
on this basis, was 26 percent. And, as noted earlier, it turned out that every §
in the fixed-paced conditions was indeed speed@ed. It will be recalled that the
situation at Grade § turhed out to be rather different. First, 17 of 64 Ss
vere not speeded vy the fixed pace employed. Even considering only those Ss
who were speeded, the mean percentage spesdup was only 13 percent. It is
perfectly conceivable, then, that had the optimal pace represented as modest &
degree of speeding at Grade 12 as at Grade 6, the older students may not have
suffered significant achievement decrement.

i

o
Y

Quite apart from the question of statistical significance, -i-.he maénitude of
changes brought sbout by fixed pacing at the two grade levels might be contrasted,
Table 26 contains a summary of such changes at each grade level. Two kinds of

Bl i




comparison are nade: (1) between selif-paced and fixed-paced high-1Q 8s rnd
(2) between the scores predicted for- and actually obtained by the fixed-
pzced Ss. The numbers appearing in Table 26 express the ditference betveen
the higher and lowe: scores as a percentage of the higher. For example, the
mean Posttest score for high-IQ sixth graders who waorked under self-paced
AL sE nam ewma Y LL £ m_ ———

WWVEUAVAWLD WaGD [LeUU \DGT .I-W.I.E .l.l.’ PUEe Cllo F.or fixed-Pace& §.8’ th@ mnean
was 67.48. The differeace, %.18, is 5.8 percent of the higher (71.66) score.
. |

The performance of the fixed-paced 8- "1 graders is closer to their pre-
dieted perfomance than to the performance of their counterparts who vorked
vader aelf-paced conditions. Apparently the self-paced group, though quite
aimtlar in terms of IQ, Work Rate and Pretest, contained smhat higher
achievers.

The magnitudes of decrement appear more similar on both bases of come
parison ameng twelfth graders, And, for the most part, the nore extreme degree
of speeding at Grade 12 resulted in more promounced decrements in performance,

particularly in Errors.
Table 26

The Effects. of the Speeding:
Stretegy at Grades 6 and .18

Rasis of Mean Degiee  Mean Increase Mean Dacrement Mean Decrement
g_z:égi_e. Comparison N of Speeding in Errors in Posttest in Retention
:gelf vs.
Pixed 128 11.6% | Wy 5.8% 11.6%
6 _ - —
: , *
predicted 47 13% Lhd -.38% . 2.77%
V8. e e o 2. 13 0 e e B 0 0 20 o 00 0
obtained 6 6% . Log 1.65% 2.79%
self vs. 88 35% 92% 5.5$ 991%
fixed
12 e
»
predicted . .
V8, bl 26% 80% 7.13% 6.25%
obtained
® (-) sign indicates ¢that obtained scores were higher than predicted
in this instance _
=52+
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The Relationships among Ability aud Performance Measures at Grades 6 and 1%

In additioq_ to the ane'.lyses prévioualy described, a complezte ma’cﬂx of
correlations was calculated at both grade levels ameng all ability, preliminary
progrem, and experimertel-program varieblies measured. In all, 20 such meagures

Wwooe obtained ai each grade. The varisbles and comrlete matrices are presented

in Tables 25 and 26, Appendix B. Correclation ccefficients obteined for il of

the 20 variables ere ineluded im Table 27. Comparshle soeffiolents from Credes 6

- o P

and 12 are presented, side by side in Teble 27, for ease of.comparison.

Inspection of the table reveals some striking zimilarities and differences
belveen the two grades. Some of the clearer similarities are the correlations
betireen IQ and the program performance measureé "of Errors, Pesttest, snd Reten~
tion which appear across the top row of the table. The influexice of a.bil.ity‘ )
on performance seems to have teen rather strong, and sboui equally so, % both
grade levels. Another inter—grade similarity ic the nearly equal end quite
streng inverse relationship (-,58 to -.75) between errors and achievement on
ell programs. This implies that sccuracy during the program contributed to
kigher achievement on all programs at both gwade levels.

Further inspection of Table 27 reveels that sixth and twelfih graders dif-
fer widely with respact to the‘ variebles vhich are related %o Work Rate., In-
terestingly, individual Work Rate (measured by total time to complete a program)
vwas found to be highly stable duriug both preliminary progrems at hoth grede
levels. The value of rho for sixth greders was .T75, for twelfth graders, .723
(cce Tables 25 and 26, Append’z B}. On the other hend. characteristic Work
Rate among sixth graders is less strongly relsated to IQ than is the ¢ase among
twelfth graders: =.38 vs, -.62. Whnile it is not possible o assess the sta-
tistical signiflicance of the' difference between these coefficients, it is
reasonable to suspect that they arise from substantially different relaticn-
ships between Work Rate and ability st the two grade 1évels.

Further evidence o the disparate roots of self-adopted work rates at fhe
two grade levels appeers in the columm under Time (to complete the experimental
programs). At Grede 6, Time was related to IG only to the extent r = -.il,
vhile at Grade 12 this relationship was r = «,6), Similar inter-grade dif-
ferences appesr in this column for the coef’f.‘icients between Time and: rzzading
speed, error rates during Preliminery progrems, and achievement rates on

53
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preliminary prograns, The excewion i3 the aimiler, high degree of correlation
between work vates on preliminary and experimental programs (.63 and .6k) whi«,h
were present at both grades.

One final obsezvation of interest from Table 27 is the correlation bew
tween correcied and uncorrested reading-speed scores. The extent to which this
correlation fails o be perfect {1.00) reflecis the extent of hasty and care-
iess periormance during the Tinker Speed of Remdiuy Test., This test requires 8-te
réad & two-sentence item and cross oud the single vord whleh %es not belong
in vhet context. Designed to be & purs "speed test,” its items are written so
ag to insure an extremely high probability of correct responding on each item.
Simply stated, evary item is very eesy; the koy word is cmviwsly incorrect.
Because of this, little "power" component remains, and the test measures read-
ing speed, not comprehension. Therefore, ervors committed during this ‘test
cen be sttributed to carelessnese and haste,' nct to lack of ability to com-
prehend. The correlstion coefficient between corrected (numbgez; of items gt~

. tempted minus number of errorsj and uncorrected reading speed for twellith

graders was ,99; for gixth graders it was only..82. The difference between
them {assessed by Z transforma.i- a, Guilford, 1956) is highly significant .

. ¥

(P <.01), I¢ provides further evidence that careful reading and work habits B
are more predominant emong twelfth thew- sinong sixth graders. 3
Consideration of the correlational date chtained et the two grade levels
lesds to two clear conclusions. The first is that self-adopted work rate is
s highly stable characteristic of individusls at both grade levels. The second

is that, whil2 the working speed which sixth graders adopt is not strongly re~
lated to ability measures, the speed at which twelfth graders vwork coincides .
rather closely with their ebilities to read mnd leara.
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DISCUSSION

The goal of programmed instructiczn is to provide an oppertunity for
individualized learning. Learning may be coasidered to be individualized
¥hen each student, with his own unique combination of knowledge, skills, and

abilities. is enabled to pursue a lsarning 4roelk whioh 23 best suited io
sheping his particular entering behaviors intoc explicit ecriterion or exitting
behaviors. Programm:d instructios can, t0 & much greater degree ithan con-
ventional insiructisn, provide a learning experience for cach student which
is unique to him as an individual. It may be unique in terms of the kind of
gtimuli which are encounteré&, a8 1s the case during brenching or muitiple-
track programs, or in terms of the rate at which the stimuli are encouniered,
s is the case during linea; programs, administered under student-adopted

pacing cond. ticag,

The purpose of this study was to consider the efficacy of the second of the
the two individualizing strategies, that of permitting the student to progress
through = linear ﬁrogr’am at & pace which he adopts. To be effective, this
sirategy renquires that a studen: can, in fact, adopt a work ré.te which is adap-
tive, that is., a work rate which is a function of his unigue obility-determined
needs anc pace whick results in optimal learning. Iearning may be considered
optimal vhein maximum achkievement is reeched in minimum time.

The efficacy of administering prongams uwder self-adopted paecing condi-
tions was evaluated in the present study in geveral ways. The fizst was'by
considering the determinants of self-adopted work rate, the extent %o which
vork rate is stable, the extent %o which it is related to ability, and the
extent to which it may be medified. The second concerned the gongseguences on
performence effectiveness end efficiency of either fast or slow work rates.
Attention here was directed toward students who edopt fast work rates even
though they commit large numbers of errors and feil to achieve high eritericn-
test scores, and to those students who adopt slow work rates while committing
few errors and achieving high criterion-test scores. Self-adopted work rate
is Judged to be non-adaptive for the former students, since it appears to be
too fast to permit them to learn effectively, end non-adaptive for the iatter,
since they appear to be working slower than is nécesé’ary, hencz inefficiently.



Finally, an evaluation wag made of the possibility of improving the iearning '
of buth types of ncn-adaptive self pacers by controlling their pace externally,
This fixed-paced straéegy vas aesigned to force the fast-working, low-achievers
to work more slowly, and the slow-working, high-achievers to work more rapidly.
Al1 thyree considerations, the antecedents of work rate, its consequences, and
the remedial efficacy of fixed-paced instruction, were investigated at "6oth
Grades © and 12 s0 a3 to determine the extent to which students at different
&cademic levels differ in their ability to adopt a werk rate that optimizes
learning. '

,gl;é Antecedents of Seli-Adopted Work Rates

A zajor assumption underlying the strategy of self-paced administration
of programs is that the rate &t which a student works accurately reflects the /L
aount of time which is necessary for him to respond correctly. It is expected, o
thérefore, that during work on a program with a given rete of lesson development, t
;}ges capable étudents will adopt slower work rates than more capable students.
If a strong inverse relationship iz found between ability and time to complete
the program, this eould be taken ss evidence taat the self-pacing strategy is e
Providing optimal learning. Able students are gsing their time efficientily,
while less stle students are spending the extra %ine they require.

Work rate and ability - As discussed earlicr, previous studies all agree ”‘
that prog am completion time is inversely related to ability varigbles, but A
disegree as to the mé.gnitude of thiz relationship, It was hypothesized that
the degree of this relationship may vary as a function of grade level; the

work rates of younger students may be less related to ability than is the
case for older students.

The results of tie present study tend to confimm that hypothesis., While
work rate, as measured by program completion time, was found to be inversely
related %o ébility at both Grades £ and 12, the magnitudes of the observed re-
latitnships were rather different at the two grades. At Grade 6, the correla- "
tions between work rate and IQ were: ~.38 for preliminary programs, and -.1h VS
for the Electrical Circuits Program. At Grade 12, the correlations between
WOrs rate and IQ were: -.62 for preliminary progresms, and -.61 for the Reia-. e
tivity Progrem. These findings are consistent with the hypothesis that self- @
adopted work rate is more closzly related to sbility among older student groups., r
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A recent study'by'Gagne ané Gropper (1965) inciudes correlatica coeffi-
cients between IQ and progran completion time amdng eighth graders, The
average of six reported coefficients (three separate grcups on two separate

programs) vwas calculated (by 2 transformation) to be -.43. This compares

closely to the average r = -,38 observed for eighth graders by Kress and

Gropper (196la) and -.14 tc -.38 observed for sixth graders in the present

- Another recent source of evidence bearing on the relation between intel-
ligence and work rate was presented by Klaus (196h4), who reports significsnt
differences in time to complete a program and also time~per-Iramie measures as
& function of IQ level: the higher-Ig Ss adopted faster work rates on two
programs of varying step sizes. His sample was composed of 192 male, high-~
school students over 16 years of age The Klaus finding is consistent with
the significant effect of Ability oa time to complete the Relativity Program
observed in the Grade 12 Experiment of the present study. At Grade 6, on the

other hand, the difference im time to complete the Electrical Circuits Frogram
between high and low ability Se was not significant.

The available evidence on this issue is by now substantial and points,
fairly consistently, to the conclusion that self-adopted work rates become more
e function of ability at the higher grade levels., It remains a question, how~
.ever, whether this change occurs as s function of changes in student work
havits as they progress through grede levels, or whether it s3imply reflects
attrition in the ranks of fast-working, low ability students. It is poseible
that work habits become modified as students experience success or failure fol-
lowing particular rates of work. Certainly, there is ample ¢ime for work hebits
to be shaped taﬁard more adaptive patterns between tie sixth and twelfth grsdes,
On the other hand, it may well be that fhe lov-ability sfudents who exhibit
habitual, rapid, non-adaptive working styles in the sixth grade simply fail
ever to become fwelfth graders. They may, by that time, either have quit school

or been placed in special classes, The aveilable evidence does not vermit a
choice betwexn these two possibilities.

Stability of werk rate - The present study adds further support to pre~
vicus findings that self-adopted work rate is a highly stable characteristic

of individuals., Work rate, on two progrems, was fowid to be consistent among
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both sixth (r = ,78) end twelfth graders (r = .72). Thie finding was consis- i
tent with the Kress and Gropper (196la) report of stable work rates among :
eighth graders {average r = .80}, It appears, therefore, thet one of the major
determinants of 1 student's self-adopted work rale is his habitual style of B
work. -

A similar, high degree of stebility of response times has been found in
a somevhat different conte:r .. Kesan, Rosman, Day. Albert, and Phillips (1964)

report high irtra-individual stobility in the tendency to reflect over alter-
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native solutions (as measured by resp.znse time) when several response altere
natives are simulteneoualy available, Students (from grades 1-U) were found XY
tc be habitually "reflective” {long response laiencies) or "impulsive" (short 2 .
response latencies) during a variety of such tasks. These investigaters cite, Y
a8 possible determinants of the disposition to be & reflective or an impulsive \
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responder; constitutional predispositions, degree of task involvement, and

Fi-% 3

snxiety over task competence. They indicate, furthe:, that these dispositions E
are orthogonal to verbal skills, 3

M By e

The task of respending to the frames of a program appears tobesr scme

\
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. N

similarity to the tasks employed by Kagan, et al. During a program, the stu-
dent, must choose & response from alternatives which are available either or

the page, or in his verbal repertory. It would.'cert;ainly be of interest, ia
future research, to determine the relationship between ‘adividual work vate ¥

R

dmring programs end the reflectivity-impulsivity dimension; toth are measured Al
by :respohse latencies and both displsy unusué; sta;bil.i‘t’.y over testiﬁg veriods
and tasks. Moreover, both sppear to be impértant determinants of the ~—-aiity
of yerformance. e '{@V
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\ wbrkhrate ond administrative setting -~ Frye (1963) reported that work
' rates during e program may be affected by student recognition pf certoin con-
petitive espects cf a group situation. It was observed informally during the

d oo ergs N,
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Kress end Gropper (196ks) study that students attended to the observable pro- 5
, gress of their peers and appeared to adjust their work rates inm response to it. ""“
In the present stuliy, programs were administered to students working either iﬁ
¢ in isolation from, or in the presence of, & growp of reers. This difference in
administrative setting was found to affect self-adopted work rates at both grade B
levels. In each cese, the izolated students adopted faster work rates. I - \

sezms clear that the rete at which students chouse to werk can be modified by
situational variables.
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The finding that the group set%ing led to work rates that vere slower
than resulted from the isolated setting was not consistent with the Kress and
Gropper (196ka) observations ¢f group influence on work raies. It was expected
that seeing peers work fast in the group setting would tend to speed up the
slower students and produce faster work rates than would be found ir the iso-
lated setting. Cocntrary to'expectations, the prresence of peers apparently led

to slower work rates than were noted smong the ignleted students., A scartain

® L Wi h VGRALL

amount of anxiety was manifested by isclated Ss, particularly quring the Grade 6
Experiment, concerning the whereabouts of friends with whom they had arrived.
There appeared to be some concern over being "left behind." Considering that
the task was rather long and that the enviromnment was unfamilar, it may have
been more resssuring than distracting, in this instance, to cbserve the progyvess
of others. While it is difficult to determine the extent to which this effect
is iimited %o the psriicular sitvations employed in these experiments, as com-
pared with in-school situations, it does appear that situational factors can
affect self-adopted work rates,

The observed stability of work rate at Grades 6 and 12 indicates that both
groups of students possess working styles which are consistent even though they
are subject to modification by situational variables. However, the rates at
which younger students habitually work on a program are only modestly related
to ability varisbles. Habitual work rates of older students, on the other hand,
are rather highly related to their ability. The determinants of work rate thus
eppear to be different for students of different grade levels,

The first assumption of the self-pacing strategy appears to be better
dustified at higher than at lower grade levels. The work rate adopted by a
twelfth-grade student is much more likely ic be a function of his unique
abilities than that adopted by a sixth-grade student. That is, the twelfth-
grader's rate is more likely to reflect the amount of time which is necessary
for him to respond correctly. The consequences of this situation are con-
Sidefed in the following section.

Conseguences of Self-Adcpted Work Rates

From the foregoing, it appears that self-adopted work rate during pro-
gremmed instruction has different correlates at different grade levels. This

tinding, by itself, does not provide sn evaluation of the seif-pacing strategy
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at the two levels. To do so, we must consider the consequences of self-adopted

. ~—r

work rates, Does self pacing permit stﬁdents t0 learn effectively and effi-
ciently?

. An answer to this question was sought in the present study by observation
of the relative proportions of students whose self-adopted work rate and achieve-
ment patterns deviated from effective or erficient lzarning patterns. For
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was teken as evidence that the self-pacing behavior of a student is not con-

¥ sistent with learning effectiveness. A relatively slow work rate acccmpanied
§ by relatively high achievement was taken to be inconsistent with learning effi. %
ciency. The greater the number of students who dis?lay either of these patterns, -

the less promising does an instructionel strategy caliing for self pacing eppear.
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Kress and Gropper {196ha) observed that the self-pacing strategy resulted
in non-adaptive patterns of both types, i.e., fast-working, low achievers and -

slow-working, high achievers, at Grade 8. The work rate and ackievement patterns

observed in the present study revealed a similar situation at Grade 6. About Qi
es many lower achievers adopted fast work rates as adopted slow work rates. ax
é Likewise, among higher achievers there were nearly equal numbers of fast and ;¥
slow workers. Among twelfth’gréders, on the othe: hand, noh-adaptive patterus | ??

were not much in evidmce: few lovw achievers were found among +the faster work-

ers, and few high achievers among the slowver workers.

The correlation coefficients between time teken to complete the experi-
mental lesson and scores on achievement tests alsc reflect the difference ob- P\

served between sixth and twelfth graders. At Grade 6, the correlation coefficient a

between time and posttest was -.03; between time and retention, .O4. Both indicste
that variation in self-adopted work rates was unrelated to variations in achieve~

Lty

ment. At Grade 12, the analogous coefficients were: -.38 (between time and fv
posttest) and -.31 (between vime and retemtion). At Grade 12, the students who &?
adopted faster work rates tended to be higher achievers. These correlational ;5
data, of‘course, verify that non-adaptive pa;terns of work rate and achievement i;

were less in evidence among the older students.

The assumptions underlying self-paced program administration appear to be
mach less justified at Grade 6 than they are at\Grade 12, Sixth-grade students
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work on frames at rates which bear little relation to their ability and which,
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in many instsnces, preclude optimal learning. Too many low schievers work i;
quickly despite their cbvious lack of successful respondihg. Knowledee that

—ow

they are incorrect, as pirovided by check pages, sppears ineflective in modifying

their hasiy approsch to each frame. By the same token, many high achivvers i~
spend more time than may be necessary considering other students of like ]bility rE ,‘
who achieve as well in less ime, .An alternative to self pacimg would thus :E\
seem to be in order for non-adaptive self pacers of both types, particulary at
the sixth grade where sc many students demonstrate & need for it, .~
The Remedial Efficacy of Fixed-Paced Instruction
- If 1t is Yrue that some students, particulariy younger students, feil ¢o E
adopt work rates which are consistent with their ability and which appear : \
responsible for less-than-optimal learning then remediel treatment appears
necessary for these students. A major pdrpose of this study was to evaluate _ :
the ef'ficacy of one such treatment, that.of forcing students to work et an ex-
ternally-controlled pace which is desigied to voinecide, more closelv than does ] .
their habitual self-adopted work rate, with their sbility. ' §
Two types of externally-controlled, fixed pacing were evaluated. The )
first was designed to improve learning effecﬁiveness by forcing fast-working, 3;‘
low achievers to work more slowly. The second was designed to force habitually .
slow-working, high achievers to work more rapidly without achievenient decremen?; %"‘j"
{hence more efficiently).
| The strategy cf administering programs ot a slow, fixed pace - The resuits ;«, .
of the experiments at both grade levels indicate that prograrmed learning is &
not more effective when low-ability students are forced to spend more time on %
each frame of the program; this strategy failed at both Grades 6 and 12. The g
Grade 12 result was not surprising since a forced slowdown wsas not really in- -
dicated for twelfth graders. Their self-adopted work rate and achievement ﬂs
patterns were such that failure to achieve among these students could not very ,
well be atiributed to failure to spend sdequate time on the program; low g g
achievers tended to be slow workers.
The failure of the strategy at Grade 6, however, cannot be attributed to 3 i‘
an absence of cendidates for remedisl treatment. Many sixth graders persis-
I‘ tently adopted fast work rates despite iiigh numbers of committed errors and g .
subsequent low scores on achievement tests. If a forced slow pace were to ' )
62~ il




benefit fast-working, low achievers, the benefit would likely arise from the
extra rea&ing time prior to construction cf responses and, perhaps, from extra
rehearsal of correci responses. Reports from the sixth-grade monitors de-
scribe a different pattern of behavior during the slow fixed-paced sessions.
Students in this condition apparently tended to respond quickly, well before
the fixed interval had elapsed, and then simply waited until instructed to

turn the page. While such a resction might he expected early in thr progrem,
one might also expeci; tiat the student would graduslly expand his working time
to more nearly fill the fixed interval allotted to each frame. However, these
students persisted in their rapid response patterns. These reports imply that
a substantial portion of the sllocated time was simply not spent in task-

related behavior.

This outcome was different from an experiuent reported by Kress and Gropper
( 196tsb) in which the administracion of a program at & slow, fixed=pace lad to
fewer errcrs and higher achicvemert than resulted from self-paced administra-
Sion. Hdwever, their observations were restricted ¢o students {eighth graders)
who, on previous self-paced progrems, had demonstrated themselves to be rela-
tively high achievers. So that, while the observed superiority of fixed pacing
. wWag unexpected, Kress‘ and Gropper suggested that even larger gains might be
possible emong students who achieve poérly from self-paced programs. There was,
of course, more racni for irmprovement and, perhaps, better reason toc expect it
among the slowed sixth graders of the present study. The faet that no such

improvement occurred implies that more poternt techniques for slowing them down
are necessary. “

I{ seems clear that greater control must be exerted over the attending
behavior of fast-working, low achievers. Strategies are needed which either
uwodify the hab.vual working styles of such students or which modlfy the be-
havior of_t.hese students during a proéram upon which progressing to oach new
frame is made contingent. The most direct solution for the successful admini-
gtration c¢f progremmed instructicn would apresr to be found in the iattexw.

When = student commite an error he could be recuir~d to dc something more than
glance at the chech page bafore going to the nex‘b frame., As siuggested in an
earlier paper (Kress_s- and Gropper, 196%a}, tnis misht ra.nge from 3imply requiring
the student to acknowledge with: an X on the confirmetion page that his answer

= e ——




weg incorrect, to requiring that the frame be repeated until he responds cor-
rectly. Whatever the requirement may be, the modification of careless working
behavior calls for more than the simple provision of extra time during vhich
the student may or may not spzad the extra time appropriately.

The strategy of administering programs at s fast, fixed-pace - The strategy
of speeding high-ability students sc as to optimize their 1earning efficiency
was no more successful at Grade 12 than the slowing strategy; twelfth graders
displayed substantial impairmant on all performence.variables. Such a stra-
tegy, at the fixed pace employesd (average speedup over self pacing wes 26 per-
cent), thus fails to enhance learning efficiency at Grade 12, However, in
view of the demonstrated ability of twelfth graders to adopt a pace, for them-
sclves, which is consistent with effective and efficient learning, the failure

of this fixed-paced strategy seems of small consequence.

The cutcome of the speeding strategy at the sixth grade is less simple to
evaluate. The fixed pace employed did not represent a very great speedup over
their predicted self-adopted work rates. In fact, for 17 of the 6k etudents
observed, it represented a slower-than-normal pace. Cufiously,~ most of the 17
displayed performance decrement. The 47 who were speeded, on the other hand,
finished the program with a.‘gverage savings in time (compared to self pacing)
of 13 pexcext without s:.gmﬁ%ant achievement decrement. The only performsnce
decrement observed for them was in increased error rates during the program.
Thus, it appears possible to improve learning effieieney for some sixth graders,
but only if the imposed fixed pace is at least as fast as their self-adopted

The fixed-pacing stirategy appears to remedy too-slow work rates among
sixth graders while failing to remedy too-fast work rates, The imposition of
& rapid pace is, of course, & very different operation from the imposition of
a slow pace. The failure of the latter was attributed to its insbility to
force fast workers to modify their customary behavior. The rapid pace, on
the other hand, much more directly forced slow vorkers to modify their custom-
ary behavior. They 'simply had no opportunity to spexed rel a,tively long periocis
of time on each frame. While numerous alternatives appear bedter gsuited to
foster more deliberate work habits among careless workers, it is difficult to

specify a more direct method to heighten efflciency among ‘deliberate workers.

-6la




A word of caution is in order regarding the forced speedup strategy. Since
it did lead to the commission of greater numbers of arrors during toe progrem,
such treatment might be expected to leed to undesiruble side effects. However,
the interpretation of errors as a measure of performance in fixed-pacing situa-
tions is risky since e rapid pace may preclude the construction of responses
which could be made but for the shortage of writing time, The dramatic rise in
errors may thus be largely an artifact of this partioular manipulation which
may nct indicate failure to form a correct response so much as lack of time to
writeit out. Moreover, the allocation of more time to overt responses rather
than to complete, covert responses may result in a larger number of completed
blenks but less learning, end therefore, be a poor strategy. Ultimate Judge~
ments about forced speeding strategies should be based upon observations of its
effects on long-tern retention, transfer, student attitudes, anéd on subsequent
self-adopted work rates.

It should be pointea out that this study provides only a lirited assersg-.
ment of the remedial value of externally-controlled pacing. The complet
Times chosen for the fixed paces, the tempos employed for frame presen: i
were arbitrary. They were limited to two tempo levels: one designei t.
down most low-sbility students, tne other to speed up mosv high-abiiity studgntse
While the slowing strategy seemed clearly ineffective, the speeding strategy
appears to have some merit. Sixth graders did withstand an average speedup of
13 percent without marked achievement decrement. Although twelfth graders did
not withstand the speedup which, for them, turned out to average 26 percent, -
it is perfeectly possible that they might have shsorbed a less gevere speedup
without achievement decrement.

A Tinal point which should be borne in mind concerns the programs which
vere employed to assess the effects of pacing. Both the Zlectrical Circuits
Program {Grade 6) and the Relativity Program (Grade 12) underwent a series of
studént tryouts and subsequent revisions prior to threir use in the experiment.
On the basis of tryout dsta both were Judged to be reasonsbly effective, How-
ever, the gxperimental'samples displayed error rate and achievement scores
which were more variable than was expected to arise from self-paced administra-
tion, Moreover, achievement wes IQ-related on both programs. Conclusions
from the present study are, of course, limited to materials of the gereral type
employed here.
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Conclusions

The results of the present study together with those of previous studies
cited suggest several conclusions with respect to the efficacy of instructional

strategies calling for student-adopted and externally-controlled pacing.

The sssumption that self-adopted work rate cocincides with student abiiity
anpears to be well fcunded among upper-classmen in high school and among college
students. Consequently, self-paced program administration appears to bptimize
both learning effectivenesé and efficiency among these studehts. For them,
self-pacing seems clearly prefersble to the fixed-paced strategies employed in;
this study.

Among youager students, spec}fically sixth and eighth graders, self-adopted
work cates neither coincide weli with ability nor do they lead to learning which
can be described as optimally effective or optimally efficient. Substantial
numbers of these students demonstrate s need for remedial treatment by their
non-adaptive work rates. High achievers at Grade 6can, in some instaances, be
forced to learn more efficiently by simply foreing them to encounter the frames
more vaprdly through a controlled pace of program sdministration. OCn the other
hand, lovw achievers at Grade 6 .0 not learn more effestively when forced te
sp:nd more time with the program by the imposition of a slow, fixed pace. This
c¢oes not, of course, indicate that they should be permitted to adopt their owm
pace. It indicates, simply, that the particuler strategy assessed in this
study, providing additional time during each frame, is not an effective remedy
for their problem. |

The maladaptive patterns of vork habits cbserved in this study may very
well be characteristic of students who have been described in other comtexts
as "under-achieyers." Both students who learn less and students who learn
more slowly than would be predicted on the basis of their sbility are lisnlay-

ing under--achievement. 72

The fast-workiag, low achievers observed at Grade 6 displayed en habitual
approach to programmed lesrning which eppears t~ be related to what Kagan, et al
(1964) have called "impulsivity." The prevalence of zuch & working style among T
younger students end its stability over time and across tasks suggest it is o :
performance dimension which mey have detectable effects in meny different tssks. '§§§




It would be of interest in future research efforts to study the generslity of
inappropriate seli’-stugiy styles to tasks other than instructional programe.
Further, it would be of interest to determine the otebility of such styles
over longer periods than are covered by existing studies. Thic determiration
, vould reveal whether su,ch' students gradually develcop more appropriate habits
' by the time thay reach the higher grades or vhether they drop ebow’. defore . -

ever rzaching them. Finally, if under~achievement can be traced to an orierly
performance dimension, the development of remedial strategies which foster more
successful self-study habits would be both feasible snd potentiully rewarding.
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SIXTH-GRADE PROGRAM SAMPLEGS*

FORCE & MOTION PROGRAM
(samnle frazes)

ik, 47,

These two men are pulling against each Forces A and B both act toward the box.
other with the same amount of force. But since force A acts to the right snd
What will happen to the wagon? IT WILL force B acts to the left, we say that
STAY WEFRE IT IS. (REMAIN AT REST) they act in OPPOSIIE directions.

[ON'T START TO MOVE.

_ﬂﬁ

Bire

Both Torces act sway from the box, A to
the lefi, B to the right. Forces A and
B act in QPPOSITE direciions.

0O O

These two men &re pushing against each _
other. What will happen to the wagon? ——3p
IT WILL REMAIN AT FEST. (IT WOR'T . B
MOVE., :

L9,

The forces acting in cpposite directions
are shown in B. The forces acting in the
same direction are shown in Ae

The wagon which will remsin at rest is
wagon B. Wagon A will start to move. A B

N 50.
This wagon will remain at rest becaunse the

ScLes VRLES. 75435, & two forces ave EQUAL in strength end act
g % in OPPOSITE DEEGTIONS.
I *20k§§5.

*Sub,jects. were required to make constructed responses ror all frames. The sample
frames reproduced here ave those which were presented to them as confirmtion frames
after they hod made their own responses. The correct constructed responses sppear
in capital letters.

A-L
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¥ 51.

A Tf we took a closer look at one atom of
this gas, we would see thet it hae MORE
THAN ONE part,

; Close look at
! one atom

y Atoms look something like the solar system.

Just as the center of the solar system is
the sun, the center of am atom iz the
MUCLEUS.

Lo AB

golar system

a‘tonm

i 53.

Planets move in paths, called orbits,
| around the sun. In this atom, we can
| see some particles moving in PATHS
| (RBITS) around the NUCLEUS.

solar system

ATOMIC STR\JCTURB PROGRAM
{ sample fraues)

54, .
.

The boy in #1 is spinning a stone at the _
end of a string. The stone moves ir a a
path or ORBIT around the boy. Similarly, |
the part labeiled (E) im #2 moves IN AN 2
ORET ARCUND THE NUCLEUS. )

2

1,

4.

55, 5}
The srwll part orbiting around the nucleus
is called an elsetron. label the two A
parts of the atom. ¥t
1. NUCLEUS
.

2. ELECTRON '8

56. ’ ‘e

This atom has two ELECTRONS. Describe R
how they move. THEY (BOTE) MOVE IN PATHS %
(OR ORBITS) AROUND TAE NUCLEUS. "

.by °

-




FYECTRICAL CIRCUITS PROGRAM 1

{ cormmlo

| Ve LA

25,

Charged particles act like the poles of a
magnet. Two different (unlike) poles at-
tract, or pull toward, each other. Sim-
ilarly, two differently charged {(wnlike)
parsicles will APTRACT each other.

e 4—_.__ «emman

g
XSt s g ®»

26,

Tvo szme (1ike) poles of a magnet repel,
or gusp awey from, each other. In the
same way, two particles with the same
(1ike)} charges REPEL each other.

FdEw O ©

27.

An electron is repelled by another nege.-
tive charge, but is attracted by a pos-
itive charge. Particle B will move toward
perticle C and away from particle A.

SxYe

28.

Because they are alike, these two negative
charges will move APART,

O O

and these two positive charges will move

APART.
®

29.

Two negative charges will move AWAY FROM
each other, but a negative charge and g

positive charge will move TOWARD esch
octher.

30.

Write Attract beside the charged particles
that will move together. iHrite Repel be-
side the charged particles that will move X
apart.

1 ® ATTRACT
2. ® 8 REPEL

'@ O REFEL }
L@ @ ATTRACT |
31.

This charged particle @ will be attracted §
by A POSITIVE CHARGE and repelled by A
NEGATIVE CHARGE (ELECTRON ).

32.

Draw two char zed particles which move
cway from each other.

9 _©® |

oR

Beonmcn

Draw two charged particles which move
toward each other.

@ ol b
OoR %

1© @]
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178.

Adding resistances in series, adds to +n
nmumber of collisions the eleztrcns hs.ve
with obstacles. The circuit with more
opposition to electrons is circuit A.

N 30 30
uEL o . ja;gl —

W gz-’ Ta)
=1 i+ - el

A B

179.

When resistance is added to a series cir-
cuit, current flow DECREASES because the
clectrons have MORE “collisione with ob-
stacles.

180.

Each time we add a new resistance in a
geries eircuii, the current flow is
DECREASED.

2L 20
AW—W

=4t
YA

i81.

Why 1is current reduced by the addition
of resistances in a series circuit?
BECAUSE THE ELECTRONS HAVE MORE OBSTACLES

TO COLLIDE WITH (BECAUSE IT ADDS TO THE
NUMBER OF THINGS THE ELECTRONS BUMP

INTO ).

The circuit which provides more separate
paths for electrons is the PARALLEIL
circuit. The one which crowds the elec-
trons into one path is the SERIES circuit.

resistances con:
nected in parallel

resistances con-
nected in series

183.

The series connection of a pair of resis-
tances leads to MORE collisions than the
parallel connection. Current is reduced
more by the SERIES conanection.

f’5-<;?'—’$f-\-——

7 .

resistances con- resistances con-
nected in series nected in parallel

(Coun’ the Number of CoIlisions)

184.

Thy do fewer collisions occur in the
parallel circuit? IT PROVIDES MORE PATHS
FOR THE ELECTRONS (FT™“TRONS ARE 11SS

CROWDED ) .

g-;‘f,,@ L.J =
L —F-

reslstances cdn-
nected in parallel

resistances con-
nected in series




- test

Name Grad-

Sci.ool Date

“FORCE.

1. Mny single force may be one of twp“pépibfﬁypes. The two types are:

l — :
. ! .
K P b
.

24

2. In order to describe a force fully, two facts are necessary. - They are: ¥

2. . el L '}
3. What can we Say sbout gravity when ve know thet a suitease weighs 37 1bs.” }

L. Suppose you were msked To dpply two ((2) sdparite Fovves 15 the chr below such
that the cart will stay exactly where it is. Neither force may be dowmward.
viagram (draW'in) a pair of such forces in the picture-and- be-surs to-tebel- -{
each one fully.

tamm m N e m e o o o A g R Al D e e el P S RSP DR - 1
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Woat term could be used to describe the forces? .
5. Wkat would happen o this basketball if some balanced forces were applied to id?.
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Force

6. This 20-1b. weight is resting on a stool. List each force that is acting
and describe each one fully,

A
(52 \

What technical term would be used to describe the forces which are acting ou:

a parkesd sutomobile?

an automobile sterting to move?

Yhat physicel feature (characteris*si‘c)‘ of people is determined by the force of gravity?

Explein, |

Describe, in words, what a pair of forces must be like in order 1o be called
balanced., -

Whert effect de unbalanced forces have on restiné cbjects?




‘ 311. A rock is lying still on a wagon. Indicate whether each of the following is
: true or false by circlirg the proper letter.

LN ) AAY )

T F The wagon is pushing up on the rock.
T F The rock is being acted upon by balanced forces.,

2
T F The rock ig being acted on by equsl and opposite forces.

12. Draw a pair of unbalanced forces acting upon object A.

Draw & peir of balanced forces acting upon object B.

Be sure to label all the forces completely.

A.

.

13. Explain, in terms of forces, wha' is meant by the sentence: "An objeet is held
up by the surface of the table."”

5

k. What would you do to find cut the strength with which gravity acts on an object?

Pt \

15. Describe this force fully.




Atomic Structure of Matter

»

What is the mumber of different physicel states in which matter is found?

1

How would a scientist (physicist or chemist) define the Zerm "element:i"

<

e

What 1s the approximate number of different natural atoms?

What does a scientiss (physicist) mean by the term, “metior:”

-
»

3

i

What dces the atonde muwber tell us about ap element:?

T




¥ A

Atomic Structure of Matter

7. Describe the difference betwesn an element snd a non-slement.

8. About how many different elements are found in nature?

9. Wriie a sentence which describes how the make-up of all matter is alike.

10. Tlectrons are found in all ntoms. In a sentence, describe what electrons do
in aa atom,

1l. Identify each of the numbered. parts in the following diagram of the helium gtom.
Write the correct word on the numbered lines below.

l‘

2.

3. | " ‘

1. and 2., together, form the




Atonide Structure of Mattep

12.

13.

k.

16.

17.

From its atom shown in quesvion 11, what is the atomic mumber of helium?

Below are descriptions of the contents of three 2tomic nuclei. Write in the
atoric number of each one on the line provided.

A. 10 protons
10 neutrons

B. 146 neutrons
g2 protons

C, 6 neutrons
5 protons

How is 1t possible to have thousands of different substances on earth when there
are so few different kinds of atoms?

The circle inside each of these two substances shows the greatly enlarged view
from a very powerful microscope. In wha®t way are the two substances alike?

In vkat way are they different?

A 8 4L I —ar

2) @"\ f BLOGL @ BLOCw
L oF o8 | o
2 BRASS }RON

Without describing the separate pearts of the atom, what would you say in answer
to the question: What is an atom?




- Test

Rame Grade

Schcol Date

ELECTRICAL CIRCUITS TEST

A. Definitions

Briel?ly define each of the following:

X VOltage

2. Electrical resistance

3. ¥Free electrons

=4

5. An opsn ~ircuit

6. A series circuit




7. A parallel circuit

8. An electrical insulator

9. An electrical conductor

B. Short Answers

1. Explain the statement: '"Voltage and redgistance work against each other."

2. List the various effects that charged particles hava on each other.

3. Vhat two things are necessary in order to get current flow from a battery?

SR I NI, L (R A e b T o s B AU B, . S - U -

A-12




Ik, In what direction does current flow from a battery?

What two forces cauvse it to flow in that direction?

~

5. What happens to current in & series circuit when:

resistance is increased?

the circuit is broken by
the opening of a switch?

6. Why do resistances connected in series reduce'current fiow more than resistances
connected in parallel?

7. What must a battery be like in order to create a high volitage?

&. Complete this chart. (Fill in the five.empty spaces.)

: Units in which the quantity -
Guantity is measured - Abbreviation of unit

Voltage volts

Current




9. What does an electric current consist of?

Sl

C. Labelling Circuit Disgrams

1 Tahml bt
o e AIDW sl  \ILL

)
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o
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2. Label each mmbered part of this circuit by writing the correct word in thé
corresponding blank, '

y




Write in the correct type for each of these circuits on the blank iline and
calculate the total current in each. Show all work in the boxes. T

30, L Calculations | K
WM .

|+ |
i' ?
Y 3

circuit '
Total Current = |

«Aﬁ Calculations

circuit

Yotal Current =
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circuit Total Current = i
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" [Caiculations ]

Total Current =

|
circuit




SURATOMIC PARTICIES T PROGRAM

AN S e g i I ll

(sample frames)

LB

steble atom will become unstable if its
JICLEYE is bombarded by A HIGH SPEED
AST-MOV.ING) PARTICIE.

higk speed particle -

le

W can a stable atom be made unstable?
_HITTING IT'S NUCLEUS WITH A HIGH-
EED PARTICLE.

‘e

ergy can be converted into mass. When
nucleus absorbs a high-speed particle,

converts the ener jy of the particle
to more MASS.

less mass than B B. more mass than A

stable
atom

2n a Past moving proton is taken into
2 nucleus, en2rgy is converted into MASS.
18, there would be mors mess in part B.

= Junsi:a.blsfs

aton

82.

When a high-energy proton is taken into
the nucleus of an stom, the atom weighs
more than the sum of its original mass
and the mass of the proton. This is be-
cause some of the protor's energy is
CONVERTED INTQ MASS.

83.

When a fast moving subatomic particle is
taken into a nucleus, mass is gined be-
cause SCME OF ITS ENERGY IS CONVERTZD TO
MASS. But, when a subatomic particle is
emitted from a micleus during radioactive

decay, mass is lost because IT IS CONVERTED

INTQO ENERGY.

8l.

The conversion of mess into energy is
shown in B. The conversion of =nergy
into mass is shown in A.

08 @

stable unstable

decay

A 2

85,

in terms of mass and energy describe what

happens in the eramples.

1. An unstable atom emits subatomic par-
ticles. MASS IS CONVERTED TO ENERGY.

2. A stable atom absorbs a subatomic par- :
ticle into its nucleus. ENERGY ENERGY IS
CONVERTED TO MASS.

3. A subatomic particle and i‘hs twin an-
tiparticle come together. MASS IS
CONVERTED TO ENERGY.

.Su"bjects were required to make constructed responses for all frames. The sample
frames reproduced here are those which were presented to them as confirmation frames

after they had made their own responses.
in capital letters.

The cocrect constructed responses appear




SUBATOMIC PARTICLES II FROGRAM
(semple frames)

“
l.i.o

Atomic muclei are difficult to split apart
because their protons and neutrons are held
TOGETHER by the STRONC FORCE.

12.

Name the particles in the atom which are
aff=cted by the sirong force and describe
how they are affected. PROTONS AND NEUTRONS

ARE HELD TOGETHER IN THE NUCLEUS.

13.

Gravity is the weakest force in na.ture and _
the stro:;g ferce is the STRONGEST force
in nature. .

1k,

The forc2 of gravity acts over millicns
of miles to hold the moon in s path
around the Earth. The moon doesn®t go
flying into space because it is held by
GRAVITY, which is & LONG-RANGE force.

15.

The force of gravity acts over & LONG

range.
0

&
moon held by gravity

The strong force, which is effective
only within the tiny nucleus of an atom,
acts over a SHORT range.

16.

Two subatomic particles, one on the moon
and one on the Earth, are pulled together
(very weekly) by the force of gravity,
because it acts over a LONG-R/NGE. They
are not pulled together by the strong force
because it acts over a SHORT~RANGE.

17.

Gravity scts on the particles in A and
on the particles in B. But the strong
force acts only on the particles in B.

@
A

18.

Gravity and the gtrong force differ in
both strength end range. Gravity is a
much WEAKER force, but it acts over a
LONG(ER) RANGE.

19.

Write GRAVITY or STRONG FORCE beside
each description.

lhe force that macts weakly |

GRAVITY
: but over a long-range.

STRONG FORCE The force that holds pro-
tons and neutrons in the
nuclieus of each atom.

STRONG FORCE The force that acts strong-
1y but over & short range.

CGRAVITY The force that holds a
mzu~made satellite in or’bitF
around the Earth. -

20.

The differences between gravity and the

strong force are:

1. GRAVITY IS THE WEAKEST FORCE, S‘m@é’u
FORCE 15 THE STRONCEST.

2. GRAVITY ACTS QVER A IONG RANGE, £ STRONG
FORCE OVER A SHOXT RANGE.




RELATIVITY PROGRAM
(sample fremes)

22.

Relative tc the ground, the car's speed
is 50 mph. The speed of the driver’s
body, relative to the ground, is aiso

20 mph.

* 50 MPH
o B,

23.

The speed of this driver's body, relative
to the road, is 40 mph. Suppose we iake
the car as the frame of reference. Is the
speed of his body the same relative to the
cer ag it is relative to the ground? NO.

2L,

This driver's body is moving at a speed --
relative to the rcad -- of 25 mph. BRBut,
the speed of his body -- relative to the

car -- is 0 (ZERG! wpb .

A-19

25,

The speed of this man is O mph cr 40 mph,
depending upon the frame of reference used. §
There are 2 different frames of reference |
here: (1) the CAR(ROAD), and (2) the

RQAD‘CAR!.

26.

The speed of this man's body is “relative." &
In other words, it CHANGES from cne FRAME
OF REFEREMCE to another. -

= 18
N A

—

L~

273

When physicists say that the speed of
objects is "relative,” they wmean that
IT VARIES FROM OKE FRAME OF RUFERENCE
TO ANOTHER.




RETATIVITY TROCRAM
(semple frames)

1kh9.
This man looked at the front of the train,

paused one minute, then looked a*t the back.

The distance he found was not the length
of the train. His messurement was w:iong
vecause he dicé not observe both ends AT
THE SAME TIME (SIMULTANEOUSLY ).

m%t\\

A
J:00nM.
ﬂ

&DISTANCE=D>
FOUNG

150.

¥hat must an cbserver do to accurately
measure the length of an object? HE MUST
OCBSERVE BOTH ENDS SIMULTAKECUSLY AND FIND
THE DISTANCE BETWEEN THEM.

151.
Because obzervers ian different frames of
reference DISAGREE about simultaneity,

they will DISAGREE about the length cf
objects.

152.

These men will agree perfectly about the
length of the train so long as the frame
of reference IS THE SAME for both.

A
~&5.
” N

153.

Man B measures the train as being shaster
than 20 ft. Men A measures exactly 20 f£t.
Just as the men disagree sbout the timing
of eveats, they al .0 DISAGKEE about the
LENGTE of the train.

B ,5

\‘“ 7
N\ 7

of

K

154,

The reason that observers in different
frames of reference disagree absut.
measuring length, or distance, is that
they can't agree on STMULTANEITY. When
one observer says the ends were observed
simultaneously, the other will say thast
THEY WERE NOT OBSERVED SIMULTANEOUSLY
(THAT ONE END WAS OBSERVED BE FORE (AFTER)
THE OTHER ).




test

RAME GRADE

S8CHOOL , DATE

Elementary Particles I - Test

). Describe the two states in vhich sudatomiz particies ney be found.

Laa

2. List the three sources of subatomic particles.

3. Explain hov thysicists can study subatomic particles even though they can-

not be seen even with a microscope.

L. Iabel the numbered parts of the atom.

2.

3. _
1. and 2., together, form the .




Em

} 5. What iz the approximate number of subatomic particles (including anti- gl
particles) wiich have been found? .

6. Why 4is it difficult to observe antiparicles here on Earth?

T: Ynet is ‘meant 'by radioactive decay? Deseribe the process.

8. Wnat does the physicist mean by the term "annihilation"? Describe the

ProOCess.

9. fist two example's. in vhich mass is converted to energy.

A

10. Descrite one process iz which energy is converted to mass.

B TN A S S




How can a stable atvem be made anstable?

13.

Is 1t possible for ¢ particle to meet an antiparticle without annibilation?

®

Explain.

14. Explain the relationship between stoms and suba omic particles.

A+23




test

Freg o

[ i

SCHOOL DATE

Elementa:s, Particles II - Test

Part I

)

1. list the four natural forces in order of their relative strength. (N¥umber 1

would te the weakest, number 4 strongest.)

1. veakest
2. 4l
3.
b, ‘ strongest E
5
2. {A) The tws short-range forces are; )

n
R

1

and .

(B) The two long-range forces are:

U]

and .

3. A: Iabel the charge on each of the following:
1. proton @ L. enti-neutron @ L

2. neutron : 5. anti-proton
| 3. electron @ 6. anti-electron

i, e hydrogen 7. an uranium
aton atom




3. B. Lizted below are three elementary particies, thier charges, and their

artiparticles. Complete the chart by £illing in the charge on each

antiparticle.
PARTICLE CHARGE|] | ANTIPARTICLE CHARGE
il. mion @ - anti-mmon Y-
—

e ‘

13\
2. neutrino W anti-neutrino W/

pica + anti-pion

b, Besides having s different strength and range, how else is the electro-

nagnetic force different from ‘the strong force and the force of gravity?

A SRR -'45 ‘

Wy

A-25




test

A.

NAME GRADE
SCHOOL DATE
Elementary Particles II - Test
Part II
l. What erre the two rules vhich describe the charge-state. of anti-particles?
A,
B.
2. Give one example of an effect which is caused by each of these forces.

(an exauple of something that each force does)

Electromagnetic force -

B.

Strong force -

Week force -

De

Gravity -

ticles have on euach other.

3. Summsrize briefly the atiracting and repelling effects that charged par-

3 PR s

am v B

el
m




Test

Name Date

Sehool Grade

REJATIVITY TEST

1. This man is traveling toward the light source at 100, 000 miles/second.
The light is traveling toward him a: 186,000 miles,’ seconl.
The measured speed of the light will be:

A. According to Classical Physics, ~ miles/second;
B. According to Relativity Thecry, ~ miles/second;
C. According to actual experiment, _ miles/ second.

J’%q ——e 196,000 M [See,
O

2. Explasin what is mé&ant, by the statement "Time is relative."

3. Uhy would it be impossible to measure the speed of a ship from inside the
ship (with no access to the oucside)?

x|

k. What is a "frame of reference"?

A-27




To what kinds of frames of reference does the Special Theory of Relativity
apply?

Why is it that the effecte predicted by che Theory of Relativity were not
noticed much earlier; for example from everyday observation of moving
objects? |

b

Under what conditions would an observer, located an equal distance between

two events, conclude that they were simultaneous?

(o) Under what conditions will two observers agree on the simultaneity

of evenis; and the length of objects?

(B) Under what conditions will they disagree?

(C) What determines the extent to which they disagree? That is, what
must happen for their disagreément t0 be even greater?

"

U PRI A i

Under—shat conditions do we conclude that two observers are in the same
frame of reference with respect to motion?

R /-y
P .




10. Describe what an observer must do to accurately measure the length of a
movirg object.

L. Bour

N
> \

10,000 MUES[SEC

O o]
N
\ B

Observex: A, stahding exactly in the middle of the train, concludes that
the bolts of lightning struck simultaneously. Observer B is standing on

the ground directly across from A. How would B (on the ground) describe
the timing of the bolts?

Would A have come to the same conclueion about the timing of the ‘
thunder clap? Explain.

1
-

If B had seen them strike similtaneously, how would A (on the train)
describe the timing of the bolts?

g~

~

According to Einstein, which man is correct? Explain.

o ' ( ’ A"29




F‘s

12,

®<—~ 100000 MPH
A

The spaceships are moving apart at 100,000 mph.

B

Both ships were measured

as equally long when on Earth, and both clocks were synchronized. A

compares his own clock with B's clock.

B's clock?

What does he (A) observe about

What does A observe about the length of B's ship?

Yhat does B observe about A's clock?

vhat does B obszerve about the length of A's ship?

13. Fill in the words vhich correctly describe how the

with respect to each of the physical dimensions.

Dimensions

Classical Physics

two theories differ

The Speclal Theory of .
Relativity

the speed of light

. time

distance (lengtii)

1k. List the two basic assumptlons on which the Theory of Relativity is based.

l.

2.

4-30
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15.

.l *WelVe

F 4

- @]

3

©

The observer on the ground (B) finds the length of the car end comes up
with & slightly shorter measurement from the man on the train. HHow would
the man on the train (A) explain the fact that B's measurement was too
short?
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IQ, Work Rate (on preliminary prograxs) and
Eiectrical Circuits Fretest Scores: Grude S

1
Takle i-B l
Susmaries of Analysas &2 vsrisnce of i

(¥ = 264)
Koan
Source D.2. Hqares ¥
l'bdﬂ‘ 1 o“ -
Setting 1 3.08 -
pi-] 1 23370.77 k08,228
ey ¥x2 1 9. 77 -
ll b 4 I 1 -00 -
3 b 4 : 1 -05 -
Hx3=x7 1 £.50 -
Within Roplicstas ok8 51.25
¥nde z. mg -,"6
HORE RATS Setiin b o2, i,
e 1 1733}{02 £7.59%%
u 8 8 1 ] -
(ch’ ang HxI 1 mo 1.26
¥orce Progrzae) 8xI 1 1113_8{2 1.77
Hx82xX 1 708, 1.12
Within Replicates 248 630.k0
Mode 2 % .56 1.05
" mm 1 J.Eww -
PRETYI? n 1 1630.1k 27.73%
XISOTRICAL KEx8 1l 8.27 -
CIRCIIRS HxI 1 k.00 -
8xZT 1 25 -
Mx3zx1IX 1 1.26 -
: Within Replicates 248 }3.20

* atgnificent bayond the .01 lewst

B-1




Table 2-B
Summary Heens ‘and 8D's of

Bi.xth?;l:. ﬁﬁeorel

Isveis of Independent gign.
Veriables - ¥ean 8D 1svel
Wore self-paced 108.26 11.89 .
£ixed-paced. 103,23 12,44 N.8.
N 1eolated 208.35 12.25 6.
’ geoup 203.13 . 12.08
m M 117080 7-'18 (.01
low 98.69 7.17
Table 3-B
Susea:y Means and €D's of Sixth Qrade YORK RATES
(measured by time to Atomice «nd Force programs)
(X = 256)
Ievels of Independant 8ian.
Variadbles Yean 8.D. Ievel
wra selt-paced 139.83 25.51 x.8.
fixed-paced 151.09 27.31
PR 180lated : . 338.56 . 26.17 ¥.5.
_ grcup 31k2,.36 26.56
m m ' m.22 21-& ‘.m
low 148.70 28.02
Table k-3
Summary ¥eans and 8D's of
Electrical Circuits PRETESY Scores: Grade 6
(¥=256)
Ievels of Independsat Sign.
Variables Mean 8.D. Lavel
m 'en‘mm 8«58 6-” !-8-
fixed-paced 7.63 6.97
— isolated 7.82 7.16 5.5.
group 8.29 6.81
- bigh ‘ 10.58 1.57 .00
m 5-23 5- K

;Y s N L/

o
K




Table 5-B

MWUITIPIE® REGRESSION ANALYSIS

Criterion Variable: Time to Complete Electrical Circuits Program
Predictor Variahies: Total Pretest (on preliminary yrograms),
- Work Rate, and Electrical Circuits Pretast

(Based on Self-Paced, Isolated fis: Grade 6)

Intercorrelations
e Flectrical
Electrical Total Work Circuits
- Cirouits Pretest Rate Pretest
X, p & ) & %, . e an -
- L A nd ﬂ il g
mmﬁ X, .033 675 -.301 135.62  26.00 S5°
Total Pretest X, -.311 L2k 12.31  10.38 55
Work Rate 23 . -.338 138.35 26.62 55
Electrical |
Cirenits Pretest X : 7.56 6.36 55
Regrecsion Analysis
Pax 'S P .
Total Pretest X, a9 .033 .005 R° 1.234 = .85
Work Rate %, .635 675 .h2g R 1:§ - 9-:278
Electrical o 1.23% = 19.
Circuits Prevest &b --168 --300 051
Table 6-B

MULTTPIE REGRESSION ANALYSIS

Criterion Variable: PErrors Electrical Circuits )
Predictor Variables: IQ, Total Posttest {on preliminary programs),
Vork Rate, and Electrical Circuits Pretest

(Based on Self-Paced, Isolated Ss: Grade 6)

Intercorrelations ‘
Errors - Rectrical
Electrical Total Work ‘Gircuits
Cirits  IQ  Positesi  Fate  Pretest
. . S * X5 Mean 8. ¥
Zrrors mmz:;x x, ~651  -.T35 -.050 =335 120.89 73.20 55
n x"‘ '7«’ - -361 . 0369 1&038 11.52 55
Work Rate X, 366 13835 26.%2 55
Electrical ‘
Circuits Pretsst 5 756  6.36 55
Regression Analysis
. S I fa"ax
-39 ' =651 L .260
™ % T | : R 1.235 = 638
Totel Posttest X, - li58 -.T35 ; 337 R 1235 e .79
Work Rate X, -.306 -.050 .05 o 1.23t5 » B5.725
Eleotrical 203 | . =33 .035

Circuits Pretest X5

B-3




Tabis 7-B
MULTIPIE REGRESSION ANALYSIS

Criterion Varioble: REluctrical Circuits Posttast
Predictor Variables: IQ and Total Posttest (om preliminary programs)

(Baszd on Self-Paced, Isclated 3s: Grade 6)

Intercorrelations
Reatrical
Cuxrcuits Totel
Posttest ] Postieast
Slsctrical =
Circuits Portte.t xl. +T26 781 54.66  25.65 55 .
p(“] 82 ’ J707 108.38 11.52 55
Total Posttest X, ) 114,56 50.80 55
Regreasion Analysis
o By Ty BT : R123s .670
- - R 1.23= .819 =
p] - X, 347 726 251 s 1.23 = 15.153 -
Total Posttest 536 78 419 &
5 -
Table 8-B ‘
MULTIPLY REGRBSSION ARALYSIS
Criterion Variabdle:; IXleetrical Circuits Retention
Predictor Varianbles: IQ, Corrected Reading Speed, Uncorrected Reading
fpeed, Total Pratest, Total Posttest, Total !
Ervors, and Work Rate
(Based on Self-Paced, Isolated Ss: Grade 6)
. Intezcorxelations E
Electrical Corr. Uneor.
Circuits Read. Read. 1ITotal  Total  Total Work
Retention 1} Epeed Speed Preitest Posttest Errors Rats
oy %L no% X % X% X oy ogp X a
Electricsl o
Circuits Retertion X1 T3 465 515 .63 .6T7  -4E3 -.080 2740 19.52 55
p () %, ;708 748 o2 07 -342 -.361 108,38 11.32 55 I ]
;:wspeed x3 o968 .370 06% - ah& - 03& 16.93 60’55 55 }
ncorrected
?‘%dmg mea xh 0385 0651} -.m "(-2*28 17067 R 600" SS
‘Ib’&al P.!'etest Xs 0513 ‘03& "om :2.31 3-0'38 55
Total Posttest Xg -8 -,162 11466 50.80 S5
Total Errors x., . -0k 66.09 48.83 55 -
Work Rate Xg ‘ 138.35 26.62 55 7.
~ Regression Analysis
21 i1 A"y
gg ted % b7 T 333
Trec N ' "6!‘.6 0%5 =.300 '
ading Spood 3 3 R° 1.23U5678 = 698 ”
Reading Spesd b 569 915 293 R 1.2345678 =  .835 D |
Total Posttest x6 .368 BbTT 2h9 '
Total Errors L 25 -.k83 -.080 .
HWork Rﬂte XB 0181 -.080 -001,‘ N N E




Table 9-B
MILOTPLE YRIRESSION ANALYSIS

Criterion Variable: Tiits to Complete Flectricsl Circuits Progrsw
Predictor Variables: Corrected Reading Speed, Uncorrected Reading Speed,
VWork Rate, and Kiectrical Circuits Pretest

(Based on Solf-Paced, Grouped Ss: Crads 6)

2D ab

U RAM ITAA

Intercorrslations
Time Corrected Urcorrected Blectiricel
Electrical Reading Reading Work Circuite
c:.r_cuitg Speed Speed Rets  Pretest

) % X % %5 Mesn B.D. K
0
wae mcﬁz,ﬁ::l X, -.263 =202 588 012 WkI6 2059 T5
Rending fped 966 393 A6 1839 6.2h
Uacorrected 3 \
R&ading W 23 '03% ul‘?3h 18.72 s.w 7“
Work Rate %, =331 b5 W1t 25.03 64
Eicetrical -
Circuits Pretest 5 . o 9.07 7':_‘1:___1':__

Regression finalysis
O Tax Busne
Readi.:;ea Speed 2 <521 -.263 -.137 RS 1,235 = .36
Uncorrected } } R 1.om5's 632
Readmg Smea x3 .&5 .282 .1& g 1.23"5 = 160623
Work Rate %, 598 .588 352
Electrical
Circuis Pretest 25 -158 012 -002
Table 10-B
MITZIPIE REGRESSION ARALYSIS

Criterion Variable: Errors Electrical Circuits
Predictor Variables: 7Q, Total Errors, Work Rate, and Electricsal
" Circuits Pretest

(Based on Self-Feced, Grouped £a: Grade 6)

Intexrcorrelations
Errors Electoical
Electrical Total Work Circuits
Circuits Q Errors Rate Pretest
A 2 5 A % Mean . 8D. X
Errors Electrical ‘
cumta xl -0567 u?l? 010" -.h28 100.31 65.96 75
p (+) X, -.378 =267 . J420 10873 1.6 75
Totsl Errors % =173 -.307 53.78  37.73 67
Work Rate %, -.181 Wwras 25.03 6
Rectrical )
__Circuits Pretest e o L
Regression Anelysis
Pax T Bucix
b (1) ~.259 -.567 JO4T7
& R 1.2345 = .64
Total Errors x3 605 ST 434 R 1.2345 = .801L
Work Rate X, .19 N .012 o 1.23k5 » b1.795
Rectrical
Circuits Pretest 5 i -8 08

B-5




e ;

Tebla Ll-B
¥ULTIEYE REGRENSUIOR ARALYSIS

Criterion Variable: Electrical Circuits Posttest
Predictor Variables: Corrected Reading Speed, Total Positest,
Totsl Errors, and Vori Rate

(Based on Self-Paced, Grouped Sa: Grude 0)

Intercorrelations g
Electrical Corrected €
Civoutits Reading Total Total  ‘oval
Posttest Specd Pogtitest Errors Time {
! 5 53 .0 h X5 Mean 8.0. N 2
Electricsl .
Circuits Posttest 1 -655 818 -397  ~.333 55.19 28.27 75
Correcied
Reading Speed xg .63k =339 =+393 18.30 6.24 (3 E‘
Total Posttest x3 =406  -.217 118.00. 48.81 68
Total Errors X, -173 §3.78 31.73 67
Total Time x,é W2 25,03 6 5
Rezression Anzlysis - i
S1x Tae Puc"ix .
Corrected = g
<150 655 .098
Reading Speed 2 R 1.2345 = 722
Total Posttest x3 613 816 526 R 1.2345 = 850 .
Total Errors X)‘ -cué -039? -0256 [+ 1.231;5 - 15.527 ,‘_7 4
Total Time 25 o155 -.333 052
X
Tanle 12-B . Y
MU:HIPLE REGRESSION ANALYSIS
Oriterion Variable: Electrical Circuits Retention
Predictor Varisbles: Twial Tretest, Total Poettest, Total Errors
Rlectrical Circuits Pretest
(Based =n 8slf-Paced, Crouped Ss: Crade 6)
Intercorrelstiions
Elsctrical Electrical
Circuits Total Totatd Total Circuity
Retention Pretest Pouttest Errors Pretest
X % X3 X, X5 Mean S.0. X
mc:.rchect:ﬁza%etention X 567 -783 =40 . -39 6 A6 T
Total Pretess X Jizh -.290 650 i5.07 13.08 Th
Total Popitest x3 -.406 557 ms.c2 13.80 68
Total Errorc X, -.307 53.78 37.73 67
Electrical
JClreuits Pretest S e N * ___“?:W 7.14 .
Regression Analysis
Ba. o Buc"ae
Total Pretest X 237 567 134 2 Vo35 . 628
Total Errors %, =130 - lik0 .057 o 1.23% = 13.TN
Rlectrical. '
Circults Pretest % -125 -39 07k

T
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Table 13-B

Summaries of Analysis of Verisnce of

IQ, Work Rate (on preliminary programs) and
Relativity Pretest Bcoree: Grade 12

(N = 176)
Mean
Souxce D.7. Squares E
L ]
Mode 1l ST -
Setting 1 .22 -
) (*] 1 18063.07 513.1h%%
n MxS 1 4.06 -
MxT 1 2.94 -
Sx1I 1 2h -
MxSx1I 1 17.21 -
Within Replicates 168 35.20
Mode 1 83.19
Setting 1 33.71 -
WORK RATE Io 1 9765 .47 57.63%+
MxS 1 535.50 3.16
(Particles I ) MxI 1 gg -
and IT Prograns SxI 1 15. -
Mz28xI 1 692.06 4.08%
Within Replicates 168 169.46 )
Mode 1 250.57 3.66
Setting 1 .32 -5&
9. 1 927.3 23.54%%
PRETEST .
Mx8 ‘1 61.46 -
REIATIVITY MxI 1 .27 1.04 -
85x1I 1 2L.75 -
MxSxI 1 127.84 1.87
Within Replicates 168 €3.h9

* eignificant beyond the .05 level
** sigificant beyond the .0L level

Nd
k3
Vs




Table ;k-n

Sumary Meane and SD's of

Tvelfth Grade IQ Scores
(¥ = 175}

Ievels of Independent Sien.
Variablos Mean 8.D. lavel
fixed-paced 112.10 11.93
SETTING is0lated 112.14 11.55 .8
group 112.19 11.9%
o) high 122.30 5.08 <.01
low 102.03 6.51
Table 15-B
Summary Means and SD's of Twelfth Grade WORK RATES
(measured by time to couplete Particles I and II Programs)
- N = 176)
lavels of Indcpendent Sign.
Variables Mean 8.D, Javel
MODE self-paced 94.39 15.63 ¥.8.
fixed-paced _ 93.01 S LR T
p— isolated * 93.26 13.45 5.8.
grovp ok 16.55
) Ligk 86.25 12.13 .01
1o . 101.25 13.99
Table i6-B
Suuzary Means and §D's of
Eelativity PRETBET Scores: Grade 12
(¥ = 176)
levels of Independent Sign.
Variables Mean 8.D. Iavel
MODE self-paced . 9.50 T.31 K.S.
fixed-paced 11..89 9.63
SETTING 1s0lnted 10.74 7.69 1.s.
' group 10.65 9.k9
‘n hagh 12.99 9.86 2.0
low R 6.k2
B-8
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_Table 17-B
MULTIPLE REGRESSION ANAIYSIS

Critericn Variable: Time to Curplete Relativity Program

Predictor Variables: 1IQ, Corrected Reading Opeed, Urcorrected Re~ding

. . "Bpeed, Tota:. Posctest Score (on pre’iiminary .
programs), and Work Rate '

(Based on Self-Paced, solated 8s: Grade 12)

Intercorrelations
Corrected Uncorrected
Tize Reading Reading Total Work
Relativity 10  Sreed Spesd  Posttest Rate
A %2 X Xh 5 % Mean 8.0. K
Time Relativity X, -438 .65 -.635 -436 .63 8.31 18.83 52
Q- % 26 .396 b5h  -.57 M. 1k3 52
g‘;a’fiigze“spe e % .99’ 318 -.702 9.4 1049 52
Reading speea % 303 -.693 9.1 1057 52
Total Posttest )r5 -2 177.33 23.63 52
Work Rate X 91.23 14.60 52
Regression Analysis i
B 1k Bu"ax -
Q X, -.236 -.483 .11k \ y
R™ 1.23456 = .570
lggfli:zegpeed X 3.7113 --625 -2.321 R 1.23456 = .755
§2§3§Z°§§§ea X, -k, 029 -.635 2.558 o 12356 = 13.122
Yotal Posttest xs -.131 -.436 057 ‘
Work Rate % 254 633 161 i ;
Table 16-B *'

Criterion Variable:

Cwae. s U T
‘avdiCtvL "GLL“ULCB:

MULTIPLE REGRESSION ANALYSIS

Errors Relativity Program
IQ, Total Posttest,

Total Errors (on preliminary

programs), and Work Rate
(Based on Self-Paced, Tsolated Ss: Grade 12)
Intercorrelatlors
Errors Total Total Work
Relativity 19 Posttest Errors Rate
25 50005 Yean gD &
Errors Relativity X -.668 ~.632 559 .505 60.62 32.47 52
A Xy 654 -.518 -.571 1.17  11.b3 52
Total Posttesti X -.T22 -2 177.33 23.63 52
Total Errors X, 105 17.81  19.36 52
Work Rate %5 91.23 14.60 52
T B Regression Analysls
. B Te Bucuc
) (] X, -.36L -.668 243 &° 1.23% = .5ho
Total Posttest X -.223 -.632 B LA R 1235« 735
Total &rrors %, .157 559 .088 v 1.23%5 = 23.168
Work Rate xé .135 .505 .068
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Criterion Varisble: Relativity Posttest
Predictor Variables: 7TQ, Total Pretest, Total Posttest, Total
Brrore, and Work Rate

Table 19-B
MULTIPI® REGRESSION ANALYSIS
(Raged on Self-Paced, Isolated 8s: Orade 12) )

Intercorrelations o '
Postiest Total  Total | Total  Work
Relativity IQ Pretest Posttest Errors iiate
- Y 5 3, X X Mean  8.D. N
Posttest ;
Relativity Y -730 7 676 -.386  -.537 76.77 18.98 52
Q X5 .581 654 -.518 .57 1n1.17 143 52
Total Pretest x3 .595 ~.519 -.U89. 39.19 16.25 52
Total Posttest X, -T12  -.4h2 177.33 23.63 52 E
Total Errors x5 105 17.81  19.36 52
Work Kate % 91.23 14.60 52 d ‘
Regression Analysis
bix I e f
1Q %, 178 .73C 349
Total Pretest  X; -5 47 -.063 B 1.2356 = 664 ’
Total Posttest X 546 676 - .369 R 1.23456 = .815 2
Total Brrors X 252 -.3% =037 o 1.23456 = 11.698
Work Rate kg =199 =537 - .107 E
) Table 20-3
MULTIPIE REGRESSION AFALYSIS
Criterion Variable: Relativity Retention ) - B
Predictor Variables: IQ, Total Posttes:, Total Errors . :'
.{Based on gelf-Paced, Isolated Ss: Grade 12) ‘
Intercorrelations m
Retention Total Total X
Relativity IQ Posttest Errors
! % X3 Xy Mean  8.0. K
Retention ) -. . 81 >
Relativity 1 -708 585 377 61.65 21 5
b (*] %y 654 -.518 111.17 1143 52
Total Posutest x3 ‘ -T12 177.33 23.63 ‘ 52 g
Total Errors X, 1781 19.36 52 :
"""""" T e gneaaton pmayens _
: 4] %y 582 .708 412 R" 1.2;: - 5;7
- R 23 = .73 =
. .58 .178 )
Total Posttest X, 30% 585 T o 1.23% - 15.452 g f
Total Zrrors X, Al =377 -.053

- B-10 ¥
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Table 21-B

MULTYPIE REGRESSION AMALYSIS

Criterion Variable: Time to Complete Relativity Pregram
Predictor Variables: IQ, Corrected Reading Speed

Uncorrected Reading

Speed, Total Posti.ut, 'rotai Errors; and Work Rate

(Based on 8elf-Paced, Grouped Ss: Grads 12)

“Intercorreiations
Corrected TUncorrected

Regression Analysio

fime Reading Reading Total Total Work
Relativity IQ  Sneed Speed Posttest Errore Rate
5 % X X X Mean 8D. K
Time Relativity X, =553  -.362 ~.353 - 75 H67 805 94.33 162 51
m . x2 0520 0520 .66“ "0687 -.53!‘ 112-2&1 10 72 51
gg:rdig;e gpeed x3 999 <335 -h27 428 37.20. g9.h2 50
giﬁﬁﬁé"ts;‘;ea N 335 -.b23 k27 37.38 9.30 50
Total Posttest X5 -.737 -.340 176.32 25.01 L7
Total Errors % L2 19.55 22.21 &7
Work Rate 95.86 15.32 51
i} Regressic.;n Analy.".'.s;.; ................ T TTTeeeT Tt
Pre T Buca
liQ X2 -.227 "553 0126
Corrected .
-2.57% -.362 933
§§§3’££§§“ Kj €53 B 1.23567 = 729
Re&diug Speed XI& 2, 5.’ "353 "937 R 1’232‘567 = .851!’
Total Posttest x5 275 -.275 -.076 6 1.234567 = 9.058
Total Brrors x6 251 JA67 17
Work Rate X 05 - .805 .568
“Table 22-B -
MULTIPLE REGRE3SION ANALYSIS
Criterion Variable: Errors Relativity .
Predictor Veriabless TU, Corrected Reading Speed, Uncorrected Resding
Speed, Total Posttest, Total Errors, and Work Rate
(Based on Self-paced, Grouped Ss: Grade 12) . .
" Intercorreiations .
. Corrected Uncorrected
Errors Reading Reading Total - Total Work
Relativity IQ Spred - Speed Posttest Errors Rate
R . S S A Mean £:D. &
Errors Relativity X, -.703 =469 =475 -.788  .T79 .255 b5.51  3H.6 51
IQ x2 0520 0520 0662‘ '0687 '0532‘ 112.161 . 10072 51
Corrected
Reading Speed X, .999 335 -.h27 -.k28 37.20 9.2 =0
ted
g::girzzcspeed X, 335  -.b23 -.h27 37.38  9.30 30
Total Posttest 1&(5 «.TIT -,340 176.32  25.01 47
Total Errors Xg ) J02 19.55 22.21 47
Work Rate xZ ' 65.86 15.32 S5

P Fik P

) X, -.21h -.703 .150
honding Spect %3 2.970 -.169 -1.393 R° 1234567 = 789
Uncorrected R 1.23456T = ,388

, -3.131 -.475 1.487
Reading fresd M o 1.234567 = 16,763
Total Posttest x5 -.367 -.7688 .305
notal Errors 7 X 37k B, .291
Hork Pate X, -.206 .255 «.053

B-11

T




Tebie 23-B
MULTTPLE REGRESSTON ARALYSIS

Criterion Vuriable: Relativiiy Posttest
Predictor Variadles: Correctsé Nesding Smeed. Mmecrrected Reading bpeed,
Tetal P3tisot, Tyial mg, aud Relativity Pretest

(Baced on Salf-Pacvd, Grouped 3s: Crede 12)

Iriezcorreliations
forrected Uneorrzcted
Pogitest Reading Reading Total. Total Pretesy
Relatividty Speed Speed Posttzst Errors Relativity
5 L K X% %6 Mern S0, X
Posttert Relativity % A7G 483 B8 -.808 11 77,13; 1.8 5
Coyrected ;
Readi.ng S d. x2 09” 2335 -.3}27 -.165 37.2{) 901‘2 50
Uncorzected o .
Reading . ned x3 <335 -.h23 oo 57 37.36 9.30 50 %
Total Posttest %, =737 .90 176.32  25.01 47 &
Total, Errors % -.203 10.55 2221 b7
Pretest Relativity % 3.7h 7 26 50 %
Regreszion Analysis -
Bax T1x Buix
Corrected B ovn 3 1ha
Pouting Sonsd X, 2.568 463 1240 5% 12356~ 701
Total Pusttest %, JLk3 L2 .358 R 123456 = .80
1.03456 = ©.230
Total Exrors X -. 405 =808 2327
fretest Relstivity Zg »207 0333, 0312
Table 24B
MILTIPLE RETRBESSION AMALYSIS
Criterion Vorishla. Reiativisy Lotention
Predictor Veriatles: I3, Total Frrors, £nd Work Rafe *
(Based on Belf-Paced, Grouped Bs: Grads 12)
Intercor--lations '
Retention Total Work
Relativity b () Errors Rate _
X % B %y Mean 0. X
Relention Reletivity ¥, 520 -:554 «.115 - 60,78 D64 51
IQ x2 -0685 9;»531‘ mﬁi‘l 10072 51
Total Ecrora :‘3 03&" 1.8.02 2_10% 51 @
Work Rate %, 65.86 15.32 5
zgessign ngis o , f
By ;u: Butax =
19 % 405 520 ‘o B2 2230w .30
otal Errors % -3 -.554 205 R LEjh e .62 K
*:: . -] 1023’4 - 1607°8 A
Work Rate %, 243 -.115 -2 028




CUDE FOR IDENTIFYING VARIABLES
IN CORREIATIOFAL MATRICES APPEARTNG
IN TABLES 25-B AND 26-B

1Q

Corrected Reading Speed

Uncorrected Reading Speed

Fretest Score on first prreliminary program

Pretesﬁ Score on second preliminary program

Sun of (&) and (5):- fbtal Pretest

Pesttest Score on Pirst Preliminary program

Postiest Score on second preliminary program

Sum of {7) and (8): Total Posttest

Number of Exrors committed on first preliminary progran
Number cf Errors committed on second prelininary program
Sum of {10) and {11): Total Errors

Time to complete first preliminary program

Time to complete second prelimina:g program

Sum of (13) and (14): Work Rate

Pretest Score on experimental program

Posttest Score on experimental program

Number of Errors committed on experimental program

Time to complete experimental program

Retention Test Score on experimental program

B-13
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Table 26-B

Correlational Mat:-ix Based oca All

Non-Missing Cases: Grade 12

1 2 3 ¥ 5 6 7 8 9 10 1 12 13 1 15 16 17 18 19 20 Mean 8.D. N
1 5T ST 1 56 62 T2 62 JTh .61 .54 <61 «.55 =.59 «.62 .36 .69 -.5k .61 .8 100.56 12.59 289
2 286 99 .24 .29 .32 48 41 4B .46 -.37 -.43 -.56 <49 -.56 .23 .42 -.39 -.47 .3% 36.99 10.01L 29
3 286 294 24 .29 .32 KT KO0 LB .46 -.37 ~.U3 «.56 U9 -.56 .23 .42 -.39 -.47 .34 37.24 9.88 294
4 285 293 293 L9 79 U6 .35 U5 -.39 -.35 -.50 -.38 -.38 -.38 .36 .39 -.36 -.3% .43 12.68 8.2t 293
5 28k 292 29z 292 251 .53 A48 .56 -.hl -.b41 -.kh -.36 -.37 -.3¢  .3BF 4) -.3% -.3% 43 22.08 12.482 292
6 284 292 292 292 292 ST b9 .58 .47 b k9 S 42 42 -85 .38 46 -.40 -.41 .50 35.55 18.22 292
7 273 2718 278 218 271 217 72 .95 -.72 =.61 -.TC -.47 -.52 ~.55 .3% .64 ..56 -.h2 .56 80.86 20.95 281
8 266 272 272 272 271 271 269 .90 -.54 «.58 -.58 -.39 -.b5 -.45 .24 .59 -,51 -.36 .ub 88.86 15.51 274
9 261 267 267 267 266 266 269 269 -.69 -.64 -.70 -.48 -.54 -.56 .33 .70 -.61 -.U5 .5R 169.44  3t.08 269
10 273 278 278 2718 277 2717 281 269 269 69 .90 .34 b0 40 -.23 -.51 .51 43 -.4k 11.68 13.89 281
11 266 272 272 272 271 271 269 274 269 269 .88 .3k .29 .3h .24 -4 43 .36 -.32 3.ho 11.93 274
12 - 261 267 267 267 266 266 269 263 269 269 263 .36 .38 4o -.24 -.56 .52 U5 -.L2 20.65 24.66 269
13 278 283 283 283 282 282 281 274 269 281 274 269 72 .93 -.34 -4 W) .60 -.39 55.48 10.45 286
1% 278 283 283 283 282 2062 281 274 269 281 274 265 286 2 -.28 -4 .36 .36 .33 12.26 9.92 286
15 289 293 293 292 291 291 281 274 269 281 274 269 286 286 -.33 -.48 .42 .64 -.39 97.57 18.62 297
16 286 294 294 293 292 292 278 272 267 278 272 267 283 282 293 24 -.19 -.27 .27 10.08 8.51 254
17 217 218 218 217 217 217 211 210 207 211 210 207 2ik 214 219 218 -.75 -.38 .72 73.63 19.35 219
18 217 218 218 217 217 217 211 210 207 211 210 207 21k 214 219 218 21¢ .13 -.67 65.61 37.484 219
19 217 218 218 217 217 217 211 210 207 211 210 207 214 214 219 218 219 219 -.31 87.h0 21.99 164
20 217 218 218 217 217 217 211 210 207 211 210 207 214 214 219 218 219 219 219 56.15 21.85 219

Y
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